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PREFACE 


Ir has been my purpose in this elementary text to develop 
the subject matter of logic about the ideas of thinking and 
thought; thinking being the intellectual process by which con- 
crete problems are solved, and thought or knowledge, the prod- 
uct of the thinking process, the “intellectual environment,” 
so to speak. 

The method consists (a) in developing the “elements of 
thought” into more complex logical facts by various “opera- 
tions,” not unlike the method of the mathematician who begins 
with elementary facts and through operations on these develops 
the subject matter of his science; and (0) in showing how the 
“instruments of thinking” actually function in the solution of a 
problem. Thought, of course, has elements, and thinking uses 
instruments. 

A point of relative novelty in the book is the introduction of 
Relations as subject matter for elementary students. It is 
very difficult to say how far this subject should be pursued in 
such a text, but it seems reasonably certain that the time has 
come when the place and function of relations in thought and 
thinking should be a part of the intellectual equipment of the 
elementary student. 

By the introduction of relations as codrdinate with terms it 
is possible to correct much of the narrowness of traditional 
logic — narrowness which the keen student certainly detects. 

The problems which accompany the chapters have been chosen 
to bring out certain fundamental portions of the material of 
the text, and, in many cases, to lead to thoughtful discussion 
rather than to conclusive answers. It is hoped that many of 
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them may be found useful in stimulating an interest in the his- 
tory of scientific thought, a subject now much neglected in the 
curriculum. Others have been chosen for the purpose of lead- 
ing the student to think in terms of the larger problems of phi- 
losophy.? 

Portions of the text which are intended primarily for more 
advanced students are enclosed in brackets. 

Fallacies are developed, in general, in connection with the 
processes from which they originate, but a summary of them is 
given, together with problems, at the end of the book. This 
may serve two purposes: (a) a means of review of the course, 
and (6) a means of showing within the limits of a single chapter 
the close relationship between thinking and thought, induction 
and deduction. 

I wish to express my obligation to the various authors of ele- 
mentary texts, many of whom are cited in References. My 
indebtedness is greatest, however, to The Macmillan Company 
for criticisms, suggestions, and for many of the problems used 
in the text. My wife has assisted with the manuscript, read the 
proofs, corrected many errors in language, and has had a large 
share in the burdensome task of preparing the index. 


H. E. CUNNINGHAM 
WEST VIRGINIA UNIVERSITY 


December, 1924 


1 The following key is given for determining authorship of some of the problems: 
(A) Aikins, H. A., The Principles of Logic. 

(B) Bode, B. H., An Outline of Logic. 

(C) Creighton, J. E., An Introductory Logic. 

(C.A.) Columbia Associates in Philosophy, Introduction to Reflective Thinking. 
(H) Hibben, J. G., Logic, Deductive and Inductive. 

(J) Jones, A. L., Logic, Inductive and Deductive, 

(S) Sellars, R. W., The Essentials of Logic. 

(Sm) Smith, H. B., First Book in Logic. 

(W) Whately, R., Elements of Logic. 
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CHAPTER I 


THINKING AND THOUGHT 


THERE are three well-defined ways of adjustment between an 
organism and the physical and social environment in which it 
finds itself. These ways are (1) instinctive, (2) habitual, and 
(3) reflective. The instinctive way is the result of the past — 
it is the unconscious solution of a problem in a mechanical fash- 
ion, such as fleeing from danger, responding to personal attacks, 
and protecting the young. In all such behavior there is no 
mediation, which is the essence of reflective thinking, but the 
adjustment is made, the problem solved, immediately. “All 
of a sudden in the life of a kitten, usually when it is about two 
months old, the stimulus of a moving mouse pulls the trigger of 
the killing instinct. The kitten bristles up its hair, it cocks its 
ear, it has a new look in its eye, it twitches its tail, it spits or 
growls, it sheathes and unsheathes its claws, it springs like a 
tiger, it catches the mouse by the back of the neck.” Such is 
the nature of instinctive acts — inherited modes of response 
built up in the long history of animal development. 

Man and many of the lower forms of animal life are curious, 
fearful, pugnacious, gregarious, given to self-display, and the 
like. Such natural tendencies are called instinctive, a term 
used to point out the fact that man and other animals do act in 
certain ways, but which, of course, does not explain why they 


1Thomson, J. Arthur, What Is Man? p. 87. 
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act the way they do. In the presence of relatively novel mate- 
rial man becomes curious, 7.e., he performs certain specific acts 
naturally and spontaneously. In the presence of other types of 
stimuli he may become pugnacious or fearful or given to self- 
display. In any of these cases he may so act naturally, in- 
stinctively, spontaneously, that his acts conduce to his own well- 
being. He has solved his problem, met the occasion, easily and 
naturally, due in large part to the nervous mechanism which 
he has inherited from the past. 

But instinctive behavior is inadequate to fhe enormous de- 
mands of complex life — some other form is necessary if man 
is to advance beyond the brutes. While instinctive behavior 
and primitive urges may be the source of other forms, the dy- 
namic of higher modes of action, it is not instinctive behavior 
that is the subject matter of logic. Logic, which deals with 
reflective thinking, has its origin precisely in the failure of in- 
stinctive and habitual behavior to meet all the demands of the 
organism in its struggle with the forces which surround it. Re- 
flective thinking, with which logic is concerned, owes its origin to 
the breakdown of these lower forms of action in the complex 
mass of responses to problems which are presented to man. 

The second way, 7.e., the habitual, comes about as a result of 
individual experience. Habits, unlike instinctive action, grow 
up in the lifetime of the individual and die with the individual. 
It is on the level of habit that we carry on the greater part of our 
daily acts — eating, dressing, going to classes, preparing our les- 
sons, and the multitude of acts that go to fill the day, and even 
life itself. Individual habits sometimes become social customs, 
and as such they are extremely hard to overcome. 

A habit is formed generally through effort and attention. But 
with the mode of response built up, attention is no longer nec- 
essary to the proper functioning of the habit — it is in effect 
automatic. We observe this in such habits as playing a musical 
instrument, riding a bicycle, running a typewriter, and the like. 
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The presence of the stimulus meets with an immediate response 
in which reflection no longer need enter. Not only do we form 
habits of acting, habits of accomplishing a definite task, but we 
form habits of thought, habits of moral and religious life, and 
habits of viewing the world of life in which we find ourselves. 
Such habits afford a ready-made mode of meeting many of the 
problems or rather apparent problems that come to the atten- 
tion of the individual. When habits become crusted into social 
customs they become the most powerful instruments for con- 
servatism, and frequently a chief enemy to progress. 

But it is impossible to overestimate the value of habits as 
means of meeting many of the common situations that constantly 
arise in the experience of the individual. They are man’s chief 
energy saver; it is because of them that we may have time left 
for actual reflective thought. But as was said of instinctive 
behavior, not all human life can move on the level of habit — 
they, like the instinctive modes of response, break down in 
the presence of novel situations, and recourse must be had to 
reflection. 

The third way, the reflective, is by far the most important 
from the standpoint of logic. In fact, the others are alogical; 
they lie outside the scope of logic, and have meaning for us as 
students of logic largely as furnishing the material out of which 
logical operations grow, or as backgrounds in which logical 
processes occur. Reflection means that it is impossible imme- 
diately and directly to meet some situation, to solve some diffi- 
culty, to adjust to some obstacle that has presented itself to the 
individual. Both inherited and acquired modes of adjustment 
have failed to keep up the continuity, to continue and sustain 
the evenness of experience. Then recourse is had to reflection, 
the ‘‘court of last resort.”” These facts would suggest that 
thinking is a somewhat rare process, and that it is carried on 
with great difficulty. ‘‘Brutes reason not at all and man 
seldom ” ; and even in his thinking man does a great part of it 
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to free himself from the necessity of doing it at all. Thinking is 
man’s prerogative. “It is a peculiarity of the human mind that 
it is able to think about its own ideas as such, consciously to 
combine and elaborate them, intentionally to develop higher 
products out of less highly developed constituents.” + There 
must be a powerful stimulus that drives man to think — some 
compelling need, a sense of great unrest and uneasiness, dissatis- 
faction, a shock. He may be just curious to know, to under- 
stand things — in which case he becomes a speculative scientist 
and philosopher ; he may feel the need for something more im- 
mediate, such as an education or an automobile — in which case 
we may call him ‘practical.’ But the ways of thinking in the 
region of practice and in those of theory are the same. The 
difference is largely in the purpose of the thinking. The ends 
secured in both cases are, after all, the same, namely, the 
satisfaction that comes to him that knows and to him that 
possesses. 

The speculative thinker, the philosopher, and the scientist 
have no mysterious brand of thinking that differs from the think- 
ing of the individual engaged in the practical affairs of life. The 
material which sets their respective problems may differ, but 
the purpose of the one is the purpose of the other — the sense of 
satisfaction. Satisfaction need not mean joy nor need it carry 
with it a thrill of pleasure. It merely means that we are at ease 
on the particular point in question. 

If we wish to determine the locus of thinking in experience, we 
may do so by the aid of a diagram such as the following: 


a XYZ b 


The line a represents the even on-going of habitual and in- 
stinctive behavior. The break in the continuity of these types 
of behavior is represented by xyz. The line 6 represents the 
resumption of the even tenor of the way of inherited and 


1 Romanes, Mental Evolution in Man, p. 396. 
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acquired modes of action. The line 6 is used significantly to 
show that a is not taken up again as it was before the interruption, 
but that 6, a modification of a in the light of the new information 
which the difficulty made possible is entered upon. The field of 
thinking lies between the lines a and 6. It is represented by xyz. 
We may say that thinking is a way of establishing continuity 
between a and 0. 

Thinking, like any other process, takes place in rather definite 
channels. It is the business of logic to inquire about these 
channels, to dissect them, to hold them up for inspection, and to 
point out the guideposts that mark the ways to a satisfactory 
junction of @ and b. Any process pursues more or less definite 
channels, such as a river going to a lake, the writing of a letter, 
or the movement of the heavenly bodies. Thinking is such a 
process, and its ways, like the ways of the stars and the planets, 
may be caught and understood. The way of the planets leads 
to formal astronomy, of the behavior of the elements to chem- 
istry, of certain axioms to mathematics, and of thinking to formal 
logic. In fact every science is a description of the way some- 
thing or other behaves. 

Process and Product. When a thinking process is completed, 
we have what is called thought or knowledge. The difference 
between thinking and thought may be stated as the difference 
between process and product. By investigating the product we 
better understand the process and free ourselves from personal 
peculiarities and idiosyncrasies. Thinking as a process is more 
or less a personal matter, while knowledge or thought is uniform. 
The process by which a conclusion is reached is rarely as simple 
as the statement of the proof. We may try numerous devices 
in the solution of an ‘original’ in geometry, but when we have 
solved it, we seldom write our steps as they actually occurred, 
but write them in the way they should have occurred in the light 
of the solved problem. Thus when a problem has been solved, 
we may state the results in neat clear-cut form, and we may for- 
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get that the actual solution did not proceed after the fashion of 
the neat statement of results. 

We give to that great body of results of thinking the name 
knowledge, and reserve for the way it is determined the term 
knowing or thinking. An analysis of knowing or thinking is more 
difficult than of knowledge or thought, but both analyses must 
be made to understand the subject matter of logic. Knowl- 
edge, in a sense, is dead; it is the deposits of thinking; it is 
the completion of an act or process. Like anything that is past, 
such as the curve that a projectile has described, or a fossil of 
the lower silurian deposits, we may direct attention to thought 
and learn much about thinking by knowing its termination. 

Science as Thought. From what has been said it will be 
observed that any science up to any given period in its develop- 
ment is so much thinking ‘solidified.’ Euclidian geometry, 
for example, has had a long and interesting career, and it repre- 
sents some of the footprints that thinking has left on the sands 
of time. The law as it exists today is the result of some unre- 
flective experience, some legislation, and some judicial interpreta- 
tion. This does not mean that science exists only in some one’s 
mind, or that knowledge is a personal matter, for science and 
knowledge are in the world, are, in fact, genuine parts of the 
world, for anyone who has the patience to pursue them. 

Thinking Uses Instruments. Every process involves some 
tools or machinery for its successful operation. We can no more 
think without something to think with than a man can dig a 
ditch without tools. Thinking is not merely turning an ‘in- 
tellectual eye’ on something, but it is a serious business of ma- 
nipulation of tools or instruments. It is the business of logic to 
acquaint us with the tools which thinking uses and the manner 
of using them. These instruments are terms or class names, 
sometimes spoken of as concepts; symbols for relations, such as 
we have in some verbs, prepositions, and conjunctions; and the 
judgment which when stated in language is called the proposition. 
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Let us inquire into the means by which we determine that 
terms, relations, and propositions are the elements of thought as 
well as the instruments of thinking. By observing any bit of 
knowledge we note that it is expressed in a proposition or series 
of propositions. Propositions symbolize knowledge — they are 
the audible and visible vehicles for its communication and trans- 
mission. ‘The single proposition is the least or lowest element 
by which knowledge can be transmitted. Hence it is funda- 
mental in intellectual experience. Connected propositions, 7.e., 
propositions threaded together by a plan or by an organizing 
relation, constitute discourse. But the proposition is not simple 
except in a peculiar sense, namely, that it is the fundamental 
and irreducible vehicle of knowledge. It is complex in the 
sense that it is made up of parts. These parts are open to obser- 
vation as are the parts of any other whole. We may examine a 
gas engine and find it to consist of levers, screws, etc., — the 
elements into which any mechanical whole may be analyzed. 
The proposition as a complex whole may be analyzed in a similar 
manner. When this is done, we discover two constituents, 
namely, ferms and relations. These are the ultimates of the 
proposition as the latter is the ultimate as a vehicle and scaffold 
of knowledge. Functionally the proposition is a unit ; structurally 
it is a complex of two elements. 

We also discover the fundamental nature of terms, relations, 
and propositions by an analysis of the process by which knowl- 
edge is achieved. If we attempt to answer the question, How are 
problems attacked and solved? we shall discover that the answer 
is evidence of the fundamental nature of the instruments we are 
considering. That answer is made either by saying that we 
bring to bear on the encountered difficulty (which difficulty is 
the subject of our inquiry and of the proposition representing 
it and is represented by a term) appropriate ideas (which are 
symbolized by terms and which are possible predicates of the 
inquiry or the proposition symbolizing its completion) with a 
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view to effecting a relationship between the two, the conclusion 
of the process being the class proposition; or that we bring to 
bear on two or more terms an organizing relation which will 
shape these terms as constituents in some system of order. In 
the former case we are using the class proposition, the subject 
matter of traditional logic; in the latter we are employing the 
relational proposition, a newer weapon of analysis which has 
come to light in the recent developments of mathematical and 
physical sciences. 

Thus by an analysis of both knowledge and knowing we dis- 
cover the invariants — terms, relations, and propositions — so 
related organically and functionally that any one without the 
other two, for intellectual experience, would have neither mean- 
ing nor being. 

What the proper manner of thinking is cannot be stated 
very definitely. The most general directions only can be given, 
which have been found valuable in reaching true conclusions. 
Probably the greatest benefit to be derived from the study of 
the ways of thinking is a careful and critical attitude of mind. 
No amount of study, however, will enable one to think. That 
one must be able to do, but care may enable one to think 
better. 

Some Connection between Thinking and Thought. Think- 
ing as a process does not take place in a vacuum, but in a set of 
circumstances that are more or less disturbing. In every process 
of thinking there is something taken for granted. This some- 
thing is generally the results of former thinking either on our 
own part or on that of some one else. If we are thinking through 
a problem in physics, we may take for granted the existence of 
matter, the conservation of energy, the law of gravitation, and 
other products in the region of physics. Each one of the facts 
has been formed or established by thinking, and we are able to 
stand on the thought of the past and build on it. Thus thinking 
is in part a tapping of the world of thought, it receives its instru- 
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ments from past achievements, and adds a little to the store 
for future use. 

Thought furnishes the background in which thinking occurs. 
We think in terms of the intellectual achievements of those who 
have thought before us. Sometimes thought in certain direc- 
tions has been a great hindrance to proper thinking, since it is 
impossible to be free wholly from past contributions. Thought, 
for example, has established a ‘law,’ ‘dogma,’ or ‘rule,’ and 
such, when once established, tends to enslave and to hinder the 
free action of thinking. Suppose it is believed that all perfect 
motion takes place in the form of circles. Then the planets 
must move in the form of circles since their motion is perfect. 
Again, let us assume that thinking has resulted in the knowledge 
that the earth is the center of the universe. Then all problems 
must be stated in terms of this conclusion which is assumed to be 
correct and is not questioned. 

Thus thinking assumes a world of thought already established, 
and this assumption, although necessary, often leads us into 
faulty theories and unjustified conclusions. 

We may say at this juncture, subject to the conditions men- 
tioned later, that what is taken for granted may be termed ‘the 
facts.’ It is evident that not all facts are physical, as may be 
thought, but they include theories, ideas, and laws such as those 
of physics and biology. But it is important to note that the 
same fact which is taken for granted in one set of circumstances 
may become the very matter in question in another problem. 
For this reason our facts are constantly being reconstructed 
and reinterpreted. 

Thinking, Thought, and Logic. Thinking, we may conclude, 
is a problem-solving process which occurs when one is unable to 
gain the desired objective of harmony with one’s surroundings. 

Thought is the world of knowledge we are born into. We 
do not begin anew with each generation, but we start with the 
results of the past and build upon them. As has been suggested, 
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these results must constantly be reinterpreted, but they are al- 
ways reinterpreted in the light of something that is taken as true. 

Logic is sometimes described as the science that deals with 
the forms of correct thinking and the art of using them. But it 
is always best to frame our definition after we have had ex- 
perience with the facts which the definition attempts to cover. 
It is in place to say here that it deals with thinking as a process 
in so far as such a treatment is valuable in giving suggestions 
as to ways and means of reaching true conclusions; it deals 
with thought in so far as such a treatment is valuable in suggest- 
ing the forms that thinking takes. These forms are again taken 
up and used by thinking in reaching other conclusions. 

Thought and thinking give rise to two ways of looking at 
the subject matter of logic. When thought or knowledge is 
analyzed, organized, and its foundations sought, we are engaged 
in an undertaking that may be spoken of as Formal Logic, al- 
though this term is usually applied to the logic of the syllogism ; 
when we take thinking as a point of departure, and examine the 
process by which knowledge is actually achieved, we are dealing 
with Systematic Inference or Scientific Method. In the latter, 
however, the former functions as an element or part of the pro- 
cess. Knowledge already achieved is one of the means of 
achieving other knowledge. Deductive and formal aspects 
which have made up the bulk of logic in the past have their 
true place and setting in the wider reaches of systematic inquiry, 
i.é., in the painstaking process of problem solving by which the 
boundaries of knowledge are pushed out a little. 

Thinking is a ‘speech-reaction’ to a stimulus. Something 
that disturbs calls out speech, z.e., thinking; and we may ex- 
amine either the actual process by which speech-reactions free 
us from our difficulties, or the speech itself which takes the form 
of propositions whose elements are terms and relations. The 
former undertaking is systematic inference; the latter, the 
formal aspects of systematic inference. In the first undertaking 
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our problem is to use as skillfully as possible the tools which we 
have in performing successfully the operation of junction or 
mediation between @ and 6 mentioned earlier in the chapter ; 
in the latter we examine the tools themselves, finding their 
kinds, showing their relations to each other, and otherwise 
sharpening them for more effective use in the solution of other 
problems yet to come. 

The business of logic is to inquire into the nature of the in- 
struments of ‘speech-reactions,’ and to state the function of 
these instruments in the wider problem of effecting a junction 
between a and 8. 

Thinking, Thought, and Language. To say that thinking is 
a ‘speech-reaction’ to a stimulus means that language in some 
form is essential to thinking. This has become obvious through 
the consideration of terms and relations as elements of thought 
and as instruments of thinking. Words are counters or signs 
of ideas. It is through them that intellectual commerce is 
carried on. ‘‘Language is not merely an accompaniment of 
ideational activity; it is an instrument essential to its develop- 
ment. It is an appropriate means of fixing attention upon 
ideally represented objects as distinguished from percepts 
(things). ... Within the mind of the individual thinker it 
serves to fix attention on the object of his own ideas; in com- 
munication with others, it serves to fix the attention of the 
hearer on the ideally represented objects present to the mind 
of the thinker.”’ ! 

The ability to use language has contributed enormously to 
man’s “stability and progressibility. Language has had an 
interesting history. To begin with, among animals, the use of 
the voice was to utter a sex call. That is its only use in the 
Amphibians. Among the Reptiles it broadens a little; the 
young crocodile pipes to its mother, the snake’s hiss is a danger 
signal. Among the birds the use of the voice as a means of 

1 Stout, Manual of Psychology, p. 462. 
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expressing and exciting love rises to a climax, but there is often 
a call from parent to offspring and from offspring to parent, 
there are danger signals, and there are sometimes half a dozen 
or more words. In Mammals the voice becomes even more dis- 
sociated from sex, and even more a social instrument. 

““In what ways did language serve as a factor in progress? It 
obviously made for safety and prosperity to be able to send 
definite news round the community: ‘The leopards have gone 
off in the meantime, but there is a terrible storm coming.’ It 
made for the evolution of the finer feelings to be able to give some 
expression to them. As the shrewd French saying puts it: 
‘One must not only love, but one must say that one loves!’ 
There must have been a means of social integration in the 
primitive song. Every boatman could correct the philosopher 
who sees no survival-value in musical talent. What was true 
of the ‘ Marseillaise’ was true in its measure of the songs of 
primitive man. ' 

“But there are deeper values in language. It allows men to 
contradict or corroborate one another in their judgments. It 
helps towards what Mach has called ‘the adaptation of thoughts 
to facts.’ What shall we say of the door it opened — in song 
and story — to reminiscence, to keeping memories alive, and 
thus to the building up of traditional lore and traditional senti- 
ment? Deepest of all, however, is the value of language as an 
instrument of thought. For we need words or other symbols 
if we are to make mental experiments, beyond the very simplest : 
‘If this, then that.’”’ 4 

Language is both the instrument through which we think and 
the machinery by which our ideas are transmitted or communi- 
cated. It is by means of language that we definitely fix our 
ideas. By giving an idea a name we have advanced a long way 
towards clearness in thinking. Advance occurs when some one 
is able to give a definite word to something which other people 

1Thomson, J. A., bid., pp. 48-49. 
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vaguely sense and feel. A label on an idea or experience helps 
us to examine it more minutely. This is shown, for example, in 
experiments in color vision. If we have a name for a certain 
color combination, we are able to deal more effectively with the 
experience — we have something to discuss, something that can 
be communicated, something isolated and differentiated. 

From the standpoint of logic the requirement for language is 
that it be free from ambiguity. Ambiguous and shifting terms! 
make for misunderstanding and confusion. To be able to state 
nice distinctions brought about through analysis of the subject 
matter under consideration is the demand that logic makes upon 
language. The so-called Laws of Thought? upon which tradi- 
tional logic has been founded, the laws, namely, of identity, of 
excluded middle, and of contradiction, can operate only upon the 
assumption of non-ambiguous terms. Formal logic is impossible 
in the presence of ambiguity, and accurate conclusions in think- 
ing cannot issue unless our instruments are definite and well- 
defined. 

Ambiguity results from various sources. Fundamentally, 
however, it is the result of careless mental habits. Of course, it 
is practically impossible to examine all the terms we use, but a 
failure on our part to use caution in this respect carries with it a 
penalty which we must pay. We may transfer a meaning built 
up in one connection to another situation which seems analogous. 
In this way we may speak of the foot of the mountain, the brow of 
the hill, and the /eg of the table. Writers often speak of the 
social organism, the group mind, and the like, by a transfer of 
meanings. Such a practice is a fertile source of ambiguity. 

We may also transfer a meaning from an original object to 
another object closely associated with the first. The word then 
has more than one meaning. Church may mean a building or 
an organization or an institution; school may refer to a group 
of people holding common opinions or to a group of people in a 

1See treatment of Fallacies, Ch. XXVI. 2 See Ch. XXV. 
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common environment, engaged in study and research, or to a 
building in which instruction is given ; good may refer to a thing, 
as a good dog, or it may have moral connotations ; right may be 
considered in a legal sense as summed up in the ‘right to sue 
and be sued’ or it may be used in the moral sense as in ‘it is 
right for me to do this.’ 

Ambiguity also results from the fact that words are constantly 
shifting in meaning. “ Monarchy, in its original meaning, is 
applied to a form of government in which the will of one man is 
supreme, to make laws or to break them, to appoint or dismiss 
officers of state and justice, to determine peace and war, without 
control of statute or custom. But supreme power is never thus 
uncontrolled in reality; and this word has been extended to 
cover governments in which the titular head is controlled in 
many different modes and degrees. The existence of a head, 
with the title of King or Emperor, is the simplest and most 
salient fact; and wherever this exists the popular concept of 
monarchy is realized. The President of the United States has 
more real power than the Sovereign of Great Britain; but the 
one government is called a Republic and the other is called a 
Monarchy. People discuss the advantages and disadvantages 
of monarchy without first deciding whether they take the word 
in its etymological sense of unlimited power, or in its popular 
sense of titular kingship, or in its logical sense of power definitely 
limited in certain ways.”’! 

It would be interesting to discover the various ideas in the 
minds of those who today are arguing so energetically about 
evolution, virgin birth, miracles, deity, divinity, and the like. 
Equally interesting and illuminating would it be to know the 
various senses of socialism, radicalism, anarchism, capital, labor, 
materialism, and democracy. Who are the ‘ weak,’ the ‘ poor,’ 
the ‘defective class,’ the ‘toilers,’ the ‘farmer element,’ and 
the ‘ progressive bloc’? Until such terms are rendered clear-cut 

1 Quoted by Aikins, Principles of Logic, p. 19. 


THINKING AND THOUGHT 15 


and definite, debate is interminable, and that man carries the 
day who gives not the better reasoning but who is more enthusi- 
astically aggressive. 

As an example let us take two terms common in economics and 
politics and examine them a little more closely — the terms 
capital and labor. The former may be used in any of the follow- 
ing senses: (@) any product of labor which may be used to assist 
production ; (6) for persons who possess capital ; (¢) the employ- 
ers of laborers on a large scale. The latter term may be used to 
mean: (qa) toil, the spending of human energy on something; 
(6) the body of persons having neither capital nor land, who 
unite for productive services in exchange for the means of a 
livelihood; (c) all those who contribute in a material way to 
society — actually produce some material commodity; (d) all 
who produce any commodity whether material or immaterial — 
all except the ‘ leisure class.’ 

For accurate thinking and exact problem solving it is essen- 
tial that the thought background be clear and distinct. The 
instruments which we employ must lend themselves wholly to the 
demands made for adequate solutions, and the elements must in- 
deed be elements and not complexes as is the case with ambiguous 
terms. As will be shown throughout the whole of scientific 
method, the real business of thinking is the formation of accurate, 
unambiguous meanings. To formulate a definition, to devise a 
clear-cut term as a symbol of an idea, to specify a working plan 
in the chaos of presented materials — this is the precise business 
of thinking. Formal logic, the thought aspect, is the intellectual 
development of these meanings built up by thinking — their 
implications, relations to other principles and beliefs, and their 
organization into more comprehensive systems. 


PROBLEMS 


1. Name several situations that are met on the level of habit. 
2. Look up the meaning of reflection. Note its etymology. 
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3. Formulate an example that illustrates the difference between thinking 
and thought. 

4. Mention instances of the hindrance of thinking by the thought of 
the past. 

5. What are the instruments of thinking? How discovered? 

6. Show the relation between two of the kinds of instruments and the 
grammatical parts of speech. 

7. What is meant by the statement that “thinking is a speech-reaction 
to a stimulus”’? 

8. Mention several examples which show the difference between process 
and product. 

9. Think of any reasons why a study of process would throw light on the 
nature of product. 

to. Illustrate the difference between solving a problem and a statement 
of the solution once it is made. 

11. Discuss and exemplify: ‘‘Thought furnishes the background in 
which thinking occurs.” 

12. What is the logical requirement for language? 

13. Name several sources of ambiguity, and point out examples that 
come from each. 

14. What methods would you suggest for the removal of ambiguity? 

15. What do you find wrong in the following exercises : 

(a) ‘Lincoln says you cannot fool all the people all the time; but Mr. G. 
at his bargain sales fools all the people, and he fools them every time; there- 
fore Lincoln was wrong.” 

(6) ““A saving man is a blessing to the community; a miser is a saving 
man; therefore a miser is a blessing to the community.” 

(c) ‘‘A teacher must know how to teach; Mr. A, who has just taken up 
the work, does not know how to teach; therefore Mr. A cannot be a 
teacher.” 

(d) Nocat hasnine tails; every cat has one more tail than no cat; there- 
fore every cat has ten tails. 

16. Give several meanings for each of the following terms: light, train, 
house, prove. 
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CHAPTER II 


TERMS 


Two Ways of Dealing with Terms. There are two ways of 
discussing terms. One is the method of their formation and the 
use made of them in thinking, that is, in judging; the other is to 
take them as they are in knowledge and to show the relationship 
that may obtain, the order in which they may be placed, and the 
systems they form. The difference is expressed in the difference 
between thinking and thought, knowing and knowledge. It will 
be recalled that in knowing we are going forward, we are attack- 
ing something that is giving us intellectual trouble, we are 
trying to effect an agreeable and harmonious relationship be- 
tween the past and the future. In this sense terms represent 
meanings, or ideas, and are tools which we are using to free us 
from intellectual congestion. In the second sense we are work- 
ing more directly with the tools of thinking — the relations be- 
tween them, their order and arrangement, their system and 
organization. The man who makes a journey has several 
options by which the journey may be accomplished. He may 
go by rail, water, air, automobile, foot, etc. His chief interest, 
let us assume, is getting to the end of his journey. Let us assume 
further, that he has chosen the automobile as his instrument of 
travel. The selection of means and how they are used when once 
selected — the choosing the automobile and the use of it — are 
analogous to thinking. But the study of the automobile as an 
instrument, its mechanism, its parts and their adjustments, is 
analogous to the second sense in which terms may be considered. 
The surgeon may take great delight in his instruments, keeping 
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them in order, sterilized, etc. In this case he is interested in his 
instruments as such. He uses them at times as means of per- 
forming a delicate operation. In the first case he is dealing with 
his instruments as a logician deals at times with his terms, 
classes, concepts, or ideas; in the latter, as a man who is solving 
a problem. Both aspects are valuable, but logic is not wholly 
concerned with either any more than a surgeon is wholly con- 
cerned with keeping his instruments in order, or in merely per- 
forming the operation. 

Terms are first and foremost things to be used, but what they 
are in themselves, how they are organized and related, is also 
important. 

This twofold sense runs all the way through the subject 
matter of logic — that is, process and product, thinking and 
thought, knowing and knowledge. It begins with terms as we 
have attempted to point out; runs through the judgment as the 
active, dynamic operation of solving problems, and the proposi- 
tion as the product or statement after the problem is solved; 
and is best expressed in logical texts as the logic of discovery, i.e., 
the process of building new knowledge, and the logic of con- 
sistency or formal logic, the investigation of the nature of our 
conclusions and the relationships obtaining among them. 

The importance of these two senses warrants another example 
to make them as clear as possible. We select one from mathe- 
matics. There are at least two ways of viewing mathematics. 
One is to consider it a technique for handling experience in the 
world of nature and man. Arithmetic, for example, is a way of 
handling things when the things are not present. We can sit in 
the quiet of our study and work out the accurate condition of 
our bank account and never handle directly a dollar. Arithmetic, 
therefore, is a way of handling money indirectly. In fact, in 
this manner we may build many castles without material of any 
kind, but whatever castles we do actually build can be stated in 
terms of this technique. A large portion of mathematics is ap- 
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plied, 7.e., it is a device for dealing with our world. Some por- 
tions of it, such as the calculus, “ the keenest tool the mind of 
man has invented,” have developed to meet a particular set of 
conditions, problems, and circumstances which could not be con- 
trolled by any of the methods then known. 

The other sense is well expressed in the treatment of mathe- 
matics, not as a technique, but as a science itself. That is, the 
method itself submits to operations on itself. This can only 
happen in well-developed fields. In this sense the various 
branches of mathematics are treated in their relation to some few 
general principles or axioms. The whole structure of mathe- 
matics being given, the problem here is to state the connections 
that obtain and the foundation upon which such a structure can 
rest. We are examining our structure not as a tool primarily 
but as an object having existence in its own right. 

These two ways of viewing terms — as process and product — 
have been productive of much discussion and one-sided notions. 
First one is taken as fundamental and then the other, and all 
future reasoning is determined by the initial assumption. It 
may be better to think of both as valuable and to find a place 
for both in our logic. This can be done by showing the neces- 
sity of both in reaching conclusions which we say are true. 

The Meaning of Terms. Terms may be thought of as one 
of the elements in a proposition. But this assumes that we 
know what a proposition is. A proposition is a judgment ex- 
pressed in language. It is made up of a subject, a predicate, and 
a copula. A term is any word or group of words that may 
significantly stand as subject or predicate of a proposition. In 
the proposition, “ Men are rational animals,” men and rational 
animals are terms; are is not a term but is a word indicating a 
relation between the subject term and the predicate term. 
Most terms are class names, taking the form of common nouns, 
though not always. Proper nouns, of course, are terms, since 
they may be subject or predicate; but they do not have the 
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interest as class terms that attaches to common nouns. A 
proper noun is used in the sense of “the” when the latter is 
singular, as “ the so and so of so and so,” or “ the most scholarly 
man in the class.” The in the above examples refers to a par- 
ticular person, place, or thing, and such person, place, or thing 
is what is meant by a proper noun. 

Common nouns as class names are tools for handling our 
thinking experience. Instead of dealing directly with things we 
are forced to deal with fictions or gestures for them, and class 
names are such fictions devised for the indirect handling of the 
world in which we live. ‘ We cannot play the thinking game 
without counters.” 

How Terms Are Formed. Terms are formed through ex- 
perience, that is, by action in the world of people, things, theories, 
and the like. They stand for plans of action and attitudes which 
have become common by use. In the formation of a class name, 
such as man or boat, certain types or modes of response are 
brought out, certain ways of acting which, when marshaled to- 
gether, are summed up under a name which we call the concept 
or term or noun or word as we are dealing with psychology or 
logic or grammar. A new term is determined by a process in 
which something is given which is relatively unknown. This 
given provokes a set of responses, actions, and attitudes. These 
responses, actions, and attitudes become organized about the 
originally disordered material, and constitute the meaning of 
the thing. Elaborate machinery has been developed in some 
regions of experience for the formation, organization, and classi- 
fication of terms. This machinery is generally known in logic as 
scientific method. Meanings developed both practically and by 
the application of scientific method are used in the development 
of other meanings, or as instruments for handling other new 
facts that may arise in experience. ‘There is in thinking a con- 
stant overlapping of meanings which gives continuity to our 
reflective experience. When any other original material is pre- 
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sented in experience, which provokes a recurrence of attitudes 
that our former original material provoked, we place the two 
materials in the same class, and devise a name for the class, such 
as ‘horse,’ ‘round,’ ‘government,’ and the like. This class 
name is the term. Actions, relations, qualities, attributes, 
events, and concrete objects form the material out of which class 
names are made. 

Presented material is analyzed, dissected into smaller units, 
and these smaller units take names. An apple may be analyzed 
into a number of characteristics, such as ‘ round,’ ‘red,’ and 
‘sweet.’ These characteristics may be removed from the apple 
and be held in store to be used in the description of other ex- 
periences. The removing of qualities from an object, event, or 
situation is called abstraction. The object, such as the apple, is 
concrete, that is, it can be pointed at, but the characteristic of 
being sweet, that is, sweetness, cannot be pointed at. 

Kinds of Terms. 1. Abstract and Concrete. A term is said 
to be abstract when it is the name of a quality, such as whiteness 
or goodness ; or when it is the name of a complex of terms and re- 
lations, such as justice and virtue. Abstract terms are generally 
adjectival in nature, 7.e., they are characteristic of a total com- 
plex which has many other characteristics in addition to the one 
symbolized by the term in question. Thus whiteness is a term 
descriptive of a complex in which may exist other terms such as 
roundness and heaviness. Although whiteness is an abstract 
noun it finds objectivity and reality only in certain concrete 
structures such as we have indicated. 

A concrete term is one which stands for something that can be 
‘pointed at.’ It is one that admits of what we may call a ‘ con- 
crete definition,’ z.e., a definition by example. If we are defining 
‘lamp,’ we may stop in our efforts and say, “here is one, look 
abate” 

2. General, Particular, Collective, and Null. A general term 
is one that symbolizes a class composed of several members or 
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which can be used in several situations, such as mankind, Ameri- 
cans, and the like. The greater number of our terms are of this 
kind. They are very important in thinking, since it is through 
them that we are able to economize in our intellectual experience. 
By their use we are able to deal with groups rather than with 
individuals. 

A particular term is one which stands for a particular thing, 
such as John Jones, the United States, or ‘‘ the inventor of the 
steamboat.” It is easily identified as a term that will satisfy 
what Russell calls a ‘‘ descriptive function,”’ such as “‘ the dis- 
coverer of radium,” “‘ the writer of the Declaration of Independ- 
ence,” or “ the largest city in the world.” 

A descriptive function is one of the best means for the identifi- 
cation of an object. In some cases such a description relates the 
object in question to a series of objects or events, as “‘ the man 
who was president of a great university, who later came to be 
governor of a state, and at last was chosen to be the chief ex- 
ecutive officer of his nation”; and in others it sets the object in 
a unique class, 7.e., no other objects are denoted by the term. 

[The descriptive function, however, may be used in the 
fallacious sense of a “‘ question-begging epithet.’’! ‘‘ The one 
who committed this murder,” or ‘‘ The thug who perpetrated 
this act,” and like expressions may be used as descriptive func- 
tions applicable to a prisoner at the bar who has as yet not been 
convicted of the crime charged. After conviction only is it 
possible to use justly such a description. They tend to preju- 
dice, and make appeal not to the merits of the case but to feeling 
and passion.] 

Collective terms are those used to denote a group conceived 
asaunit. We saw that a general term applied to each member 
of the group or class —it is used distributively. ‘ Man,’ for 
example, is applicable to John, Philip, Susan, and Socrates. A 
collective term, on the contrary, is used to designate a group as 

1See Fallacies, Ch. XXVI. 
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a group. ‘Army,’ ‘navy,’ ‘jury,’ ‘mob,’ ‘swarm,’ ‘ covey,’ 
‘school’ (as applied to fish), are examples. We cannot say 
that John is a mob in the same way that we can say that he is a 
man; nor can we say that he is an army or a jury, and the like. 
The collective name is seen to belong to the whole and not to 
the individuals of it. 

Ambiguities may easily arise in connection with collective 
terms. ‘ All’ and ‘many’ are examples of ambiguous words of 
this kind. The former may be used in the Latin sense of cunctt, 
all together, 7.e., collectively; or in the sense of omnes, i.e., 
distributively. All the angles of a triangle are equal to two 
right angles is true when ‘all’ is taken in the sense of cuncti; 
but the proposition is not true when ‘all’ is taken in the dis- 
tributive sense. ‘‘ Many of the fish we caught weighed a pound,” 
illustrates the ambiguous nature of ‘many.’ “ Five and seven 
are twelve, and five and seven are odd numbers ”’ illustrates the 
ambiguous nature of ‘and.’ One may occasionally see among 
the ‘ for sale’ advertisements something like this: ‘‘ For sale — 
a combination stove and baby buggy.”’ When the term is con- 
sidered in its collective sense at the beginning of the argument 
and distributively in the conclusion, we have committed the 
fallacy of division. The other way around gives origin to the 
fallacy of composition. 

’ The word “ null” is introduced to cover such cases as that of 
Old Mother Hubbard who felt such a keen interest in her dog. 
The number of bones in the cupboard was none, for 


When she got there the cupboard was bare 
And so the poor dog got none. 


The number of bones in the cupboard and the number that the 
dog got was none, or, as we may put it, the class of “ all the bones 
in the cupboard ” has no members, or, equally significantly, the 
class of ‘all the bones that the dog got ” has no members. 
The notion of the null class figures quite prominently in the 
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literature of writers on mathematical logic, and it is with the 
hope that it will stimulate further study that it is introduced 
here. Further mention of this class is made in connection with 
our treatment of the implication of propositions.1 We shall 
not employ it in quite the same sense that certain logicians do. 
It symbolizes such classes as have no members. This may 
appear strange at first — that there could be a class with no 
members in it, for we generally think that a class zs just the 
members that go into it. However that may be, its use helps 
us in our thinking, and for that reason, if for no other, it deserves 
a place in our kinds of terms. There is no concrete example of 
the null class such as we found in the general (man) and the par- 
ticular (John Jones). In the class of general terms we find an 
infinite number, as indeed is the case of the class of particulars ; 
but in ‘the no-member class’ there is no definite word that 
adequately expresses the sense. An indirect method must there- 
fore be employed. For example, “‘ the class of people who have 
wings ”’ has no members; in the proposition “ none was saved,” 
the ‘ saved class ’ has no members. 

3. Relative and Absolute. Terms are also considered as rela- 
tive or absolute. In fact there are no purely absolute terms; 
all terms have significance in a specific world of discourse. 
Practically, such terms as ‘ horse,’ ‘ man,’ ‘ river,’ and the like, 
are called absolute; while ‘ mother,’ ‘ pupil,’ ‘ spouse,’ ‘ physi- 
cian,’ are relative — ‘ mother’ relative to ‘ children,’ ‘ pupil’ to 
‘ teacher,’ ‘ spouse ’ to ‘ husband ’ or to ‘ wife,’ and ‘ physician ’ 
to ‘patient.’ But ‘ horse’ is relative to the vertebrates, which, 
in turn, are related to the animal kingdom, and so on. The 
“and so on” has had interesting connections in the history of 
thought, leading now to an ‘ absolute’ to which or to whom all 
things are relative, and again, to a class supreme, composed of 
sub-classes, which are in turn further divided. Terms are only 
‘relatively ’ absolute — the question has significance only in 

1See Ch. IX. 
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terms of a specific world of discourse in which a particular prob- 
lem or set of problems is being solved. 

Relative terms generally come in pairs, couples, dyads, though, 
of course, not always. Father — child, employer — employee, 
etc., are examples. Such terms are the extension of a relation, 
and formally are determined by a relation. 

4. Positive and Negative. Terms are classed as positive or 
negative on the possession or non-possession of certain defined 
characteristics. When a term indicates the presence of qualities 
under consideration, it is said to be positive, as honest, intelligent, 
wise, and the like. The negative of the term, indicating the 
absence of defined qualities or characteristics, is usually formed 
by the addition of such prefixes as dis, un, in. Positive and 
negative terms are generally related in a manner known as con- 
tradictory. The negative, to be contradictory, should involve 
not or non, which can be translated into the proper prefix. The 
correct negative of wise is not wise; of intelligent, not intelligent ; 
but for neatness of expression the prefix wm may be used. Such 
terms as blind and deaf may be considered as negative. For 
practical purposes the normal state of a thing may be thought of 
as positive, the abnormal, negative. The class of human beings 
that see appears to be the normal, while the blind is the 
abnormal. 

A good deal of confusion may arise in connection with positive 
and negative terms. In such expressions as “ he who is not for 
us is against us” we are induced to think that there are two 
mutually exclusive classes. There may be a whole group which 
is neither for nor against, 7.e., which takes no attitude in the 
matter. Moral, immoral, good, bad, truth, falsehood, are terms 
often used as if the universe of discourse could be divided between 
them; but this is a mistake, as we discover when we consider 
terms as non-moral, indifferent, and doubtful. 

In all cases, however, the meaning of a term is to be sought 
in its use in the proposition and in the context of the proposition 
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itself. This meaning is constantly shifting—a fact which 
gives origin to much uncertainty in discourse. 

[Negative terms are applicable only to things that might prop- 
erly be supposed to possess the characteristics in question. 
That is, negative terms are applicable only within a definite and 
limited “ universe of discourse.’ Within this universe of dis- 
course everything may be described by a positive or a negative 
term. ‘‘ A mutton chop is neither a Jew nor moral nor able to 
see, but it is neither a Gentile nor immoral nor blind. A man, 
on the other hand, must be one or the other.” The universe of 
discourse here, as is obvious, is mankind. Significant denial 
always takes place in such a region of discourse. In a law case, 
for example, it will not do to set up a denial that does not meet 
the issue. Todo so is to commit the fallacy of non sequitur. To 
prove that John Jones is a member of the Baptist church would 
not be proof that he is not guilty of bribery. Likewise to prove 
that a man has not committed a crime would be poor evidence 
in support of the claim that he is fitted for a responsible position 
in the government service. 

The universe of discourse in which tariff and free trade have 
significance is economics; fundamentalism and modernism, 
religion; healthy and unhealthy, organic life; honest and dis- 
honest, social relations. Much confusion arises when we are 
led to leave the world of discourse in which terms have meaning 
and attempt to apply them in regions foreign to them. Anal- 
ogous difficulties arise when a man who is proficient in a cer- 
tain line becomes an authority in lines in which he has had no 
training or experience.] 

Connotation and Denotation of Terms. Every term presents 
a double aspect or performs a dualfunction. On the one hand, a 
term helps us to hold in mind the particular things or individuals 


5 1 A recent attempt to show the importance of the world of discourse is to be found 
in Keyser, C. J., Mathematical Philosophy, E. P. Dutton & Co., 1922. See his dis- 
cussions of Doctrinal Functions, Ch. V. 
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that belong under the term, or are included in the class; on the 
other hand, the term signifies the essential attributes, qualities, 
or characteristics of the things that make up the class. This 
distinction may be clear if we think of connotation as having to 
do with attributes, qualities, or characteristics, while denotation 
pertains to things. 

Intension is often used as synonymous with connotation, and 
extension with denotation. “ The intension of a term is what 
we intend by it, or what we mean by it when predicating it of any 
subject ; the extension is all that stands as subordinated to it as 
to a genus, the variety of kinds over which the predication of the 
term may extend.” ! Animal has wider or greater extension or 
denotation than man, 1.e., it applies to or covers more than man. 
But the greater the extension, the less the intension. Denota- 
tion and connotation vary inversely. 

When we are interested primarily in the denotation or exten- 
sion of a term, our interest carries us over into an operation of 
classification ; when we develop the connotation or intension of 
a term, we are engaged in the process of definition. 

It should be pointed out here that the denotation or extension 
of terms is fundamental in the logic of the syllogism, or the logic 
of classes. This represents the knowledge or thought aspect of 
logic. Connotation or intension is the fundamental idea in 
thinking or knowing, 1.e., in systematic problem solving. 

[When a term serves the purpose of merely pointing out or 
identifying an object, it is said to be demonstrative; when it tells 
something about an object, it is said to be descriptive. The first 
connects with denotation, the second with connotation. Gener- 
ally, the subject of a class proposition, as men in “Men are ra- 
tional animals,” is demonstrative, while the predicate, rational 
animals, is descriptive. The demonstrative adjectives, as this, 
that, these, those, former, latter, both, same, yon, and yonder, are the 
signs used in general in our speech for pointing out objects. Gen- 

1 Joseph, An Introduction to Logic, Oxford Press, 1916, p. 136. 
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erally, as has been said, the subject of a class proposition func- 
tions as a demonstrative term, serving to call attention to a par- 
ticular topic of discourse, or as a name for the specific difficulty 
that evokes thinking. Thus it will be seen that nouns, in gen- 
eral, are used demonstratively, and adjectives descriptively. 
When a noun is used in the predicate as in the proposition, 
“Samuel is a man,” the term man is used descriptively as con- 
noting the characteristics of Samuel. Terms which may be 
used both descriptively and demonstratively are sometimes 
called connotative terms. A term which cannot be so used is 
called a non-connotative term. Proper nouns, in general, are non- 
connotative, while common nouns are generally connotative. 
The demonstrative adjectives would also be cases of non-con- 
notative terms. John Stuart Mill defines a non-connotative term 
as “one which signifies a subject only, or an attribute only ”’; 
and the connotative as ‘‘ one which denotes a subject and implies 
an attribute. By a subject is here meant anything which pos- 
sesses attributes. Thus ‘ John,’ or ‘ London,’ or ‘ England’ are 
names which signify a subject only. ‘ Whiteness,’ ‘ length,’ 
‘virtue,’ signify an attribute only. None of these names, are 
connotative. But ‘ white,’ ‘long,’ and ‘ virtuous’ are conno- 
tative.” 

Hypostatization or Abstract Terms. We think of a noun as 
the name of a thing of any kind. An abstract term is the name 
of a quality or a complex of qualities and relations which is re- 
moved from its setting in concrete reality. The tendency is to 
attribute to abstract terms the same objective foundation that 
we naturally attribute to terms the individuals under which we 
can point to. For example, we can point to a man or a lamp and 
say that these are what we mean by man and lamp respectively. 

Such terms as ‘memory,’ ‘ consciousness,’ ‘ truth,’ ‘ good,’ 
‘justice,’ ‘ virtue,’ ‘ wisdom,’ ‘ will,’ ‘ democracy,’ and the like 
are terms, but there is nothing we can point out as we can in 
‘man,’ for example, and say “ this is one, or this is it.” Forget- 
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ting that there is nothing objective in the sense of a thing which 
can be weighed, measured, counted, or handled, we may go on 
talking about terms of this kind as if this were actually the case. 
We speak of the Truth (usually employing a capital letter to in- 
dicate the dignity of the term and the gravity of the situation 
that calls it out), as if there were actually something to be dealt 
with as we deal with the more concrete regions of experience. 
In the same fashion we conceive ‘ consciousness,’ or ‘ will,’ or 
‘justice.’ Psychology is often defined as the “ science of con- 
sciousness ’’ or the “ science that deals with the mind.” Mind 
or consciousness is conceived as a definite thing whose charac- 
teristics the scientist is attempting to discover. 

Much intellectual fog has arisen as a result of an improper use 
of the abstract term. They are in nature adjectives, and when 
there is likely to be confusion it is well to use them as such in- 
stead of as nouns. Consciousness then becomes ‘a conscious 
process’; the Truth, ‘a true statement ora truthful person’ ; the 
Good, ‘a good act’; the Beautiful, ‘a beautiful poem’; Wisdom, 
‘a wise man,’ and the like. 


PROBLEMS 


Show how the idea of process and product runs through terms. 
How are terms formed? Their use? 

What is the material out of which terms are made? 

Give examples of the various kinds of terms. 

5. State to which kind of term each of the following belongs: govern- 
ment, house, consciousness, army, anything, nothing, Boston, infinite, 
author, immoral. 

6. Illustrate by example: ‘“Denotation and connotation vary inversely.” 

7. What is meant by contradictory terms? Give examples. 

8. Give original examples illustrating the ambiguous nature of all, 
many, some. 

g. Give example of the “question-begging epithet.” 

ro. Arrange the following terms in the order of increasing extension: 
Americans, animals, Virginians, George Washington, mammals, Washington 
family in Virginia. 

11. What operations do denotation and connotation lead to respectively ? 


Ps ay 
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12. Give the extensional and intensional use of each of the following: 
dynamo, agent, the crusades, America, George Washington, state, politics, 
axiom, jurisdiction, river, biped, church, business. 

13. Abstract the point of resemblance common to all instances of the 
first term in each of the following that will serve to differentiate it from 
the second term: 

(a) Athletic event — college activity 

(b) Decision — hesitation 

(c) Circle — geometric figure 

(d) Science — art 

(e) Justice — benevolence 

(f) Liberty — license 

(g) Democracy — form of government. 

14. In column one write the names of all terms in the quotation follow- 
ing, which represent one extreme. In column two write all those terms 
representing the other extreme. Then between these write all the terms 
that may be said to represent the ‘middle ground.’ 

“There are two extreme views of primitive man — the early representa- 
tives of the genus Homo. On one view, primitive man emerged at a high 
level, endowed with great excellences; he fell from his high estate; in 
some peoples he has made good; but savages give us glimpses of further 
retrogressions. On the other extreme view, primitive man was very coarse 
and brutish, “‘stuccoed all over with quadrupeds,” a dull creature, full of 
fear. Yet he tested all things, and he held fast to that which was good; 
he let the ape and the tiger die more or less; savage tribes give us a glimpse 
of what primitive man was; many races pushed ahead of others. 

“Between these extreme views there is a sounder position — that primi- 
tive man expressed a mutation, a sudden uplift, separating him by a leap 
from the animal, that he was marked by strong kin-sympathy, by notable 
intelligence, and by an incipient language. At the same time, he was handi- 
capped by the hold the past had on him. Reversion was ever dragging 
evolution in the mud. On the other hand, the repulsive habits of some 
tribes, such as promiscuity, are relapses to the animal, not primitive traits 
of mankind.” (Thomson, What Is Man? p. 42.) 
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CHAPTER III 


RELATIONS 


The Nature of Relations. It was stated in the introductory 
chapter that thinking is a process which makes use of instru- 
ments, and that these instruments are terms, relations, and 
propositions. We now wish to state the nature of some of the 
chief relations that are used in reflective thinking and found 
in the world of thought. 

A relation, like a term, has sense only in propositions. When 
we consider knowledge as something complete and finished, we 
can observe it as we observe any object and see that certain re- 
lations obtain. In this sense relations are external to their 
terms. Thus we see that relations, like terms, have a double 
meaning — one as instruments in a thinking process, the other 
as external constituents in thought or knowledge. The double 
sense is due to the difference pointed out earlier between think- 
ing and thought. For the present we shall treat relations as 
found in the product of thinking, 7.e., in thought, or knowledge. 
When we come to the method of discovery, 7.e., to the thinking 
aspect of logic, we shall find relations as they function as instru- 
ments for the further analysis of the conclusions of experimental 
inquiry. It is by their use in this capacity that physical science 
may ultimately be reduced to mathematics. 

If we think of knowledge as something spread out before us 
for observation, or if we look at the world outside us, we shall, 
in either case, observe that some things are greater than others, 
some are contained in others, some before others, some Jater than 


1 See treatment of Experimental Methods, Ch. XX. 
31 
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others, some connected with others, some implying others, some 
implied by others, and the like. Such expressions as those 
underlined above are what is meant by relations. Terms (or 
to express it in the language of objective nature, things) are 
not the only constituents of the world, but relations between 
things are as much a part of the world of nature and knowledge 
as things are, and perform likewise a significant function, espe- 
cially as instruments of analysis of the findings of experimental 
methods in the further inquiry after the foundations of the 
science in question. 

Let us take such an expression as ‘greater than’ and examine 
it. It is clear that it does not refer to a thing, nor does it seem 
to be an attribute of a thing, such as sweet or interesting. Sweet 
and interesting appear to belong more closely to an object such 
as Don Quixote’s Dulcinea del Toboso. Relations do not seem 
to belong to anything as a quality or characteristic, although 
this view is sometimes held.t In such a proposition as “ the 
whole is greater than any of its parts,” greater than is not an 
adjective descriptive of the whole but expresses a relation that 
obtains between the whole and its constituents.” 


1Cf. Mill, J. S., Logic, Bk. I, Ch. ITI, Sec. ro. 

2 “Tet us, in the first place, try to understand what a relation is. This is necessary 
because, though countless hosts of relations are present everywhere in the world and 
are used by everybody all the time, even in their dreams, yet the scientific conception 
of what a relation precisely is, is not familiar; even the great majority of logicians 
and mathematicians are not familiar with it; it seems a little strange that such is the 
fact, for the logical theory of relations, — the logical theory having the nature and 
the properties of relations as subject matter, — goes back to the logical work of 
J. H. Lambert (1728-78), — mathematician, physicist, astronomer, — and especially 
to that of Augustus De Morgan (1806-78), — mathematician, logician, and wit; was 
advanced by the important researches of our fellow countryman, the late C. S. Peirce, 
who called it the logic of relatives; and has now reached a high state of development 
in the Principia of Whitehead and Russell, who have made the theory of abstract 
relations supreme in logical doctrine. This great theory, fundamental alike in phi- 
losophy and in mathematics, has not become in most universities a subject of regular 
instruction, but it is, I believe, destined by its intrinsic importance to win such recog- 
nition.” Keyser, C. J., Mathematical Philosophy, pp. 164-5. 

Formally, we may say that a relation is determined by a propositional function of 
two or more variables, as a class (symbolized by a term) is determined by a proposi- 
tional function of one variable. In the function ‘x is a man,’ the class (in extension) 
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The Place of Relations in Thought. It is obvious that re- 
lations take an important place in the knowledge structure of 
the world. Until recently they have not received vigorous 
treatment due, in part, to the tendency to reduce relations to at- 
tributes of the object, and to the general belief that all thought 
— results of thinking — could be stated in the language of sub- 
ject-predicate, i.e., in terms of classes. The fact is that the sub- 
ject-predicate relation is an example of one of the classes of re- 
lations as man is an example of one of the classes of terms. All 
thinking and its results do not take the form of subject-copula- 
predicate, and the belief that this is so has resulted, among 
other things, in a treatment of the traditional syllogism as the 
form par excellence which thought takes. But this will be con- 
sidered more in detail when we come to the proposition and the 
combination of propositions in the syllogism. 

From the standpoint of reaching new knowledge, however, 
relations, like terms, are means of analysis, instruments in the 
process of inquiry, agents for ordering and reforming matters 
which demand analysis. These instruments, like terms, are 
introduced into the set of circumstances which for the time is 
giving intellectual difficulty, and serve as a means of organizing 
this material and establishing intellectual harmony. In scien- 
tific method the aim in part is to introduce relations, especially 
the causal, into the material presented in experience. When 
this material yields to our efforts, we are able to express our re- 
sults in propositions which take either relational or class form 
as laws, equations, and formule. Examining these laws, equa- 
tions, and formule as knowledge, we discover therein the marks 
is determined by the substitution of Socrates, Jones, Brown, etc., z.¢., by every in- 
dividual which gives a ‘true’ proposition when the individual is substituted for the 
variable x. A relation (in extension) is determined when constants are substituted 
for variables. In the propositional function ‘x is the father of y,’ the field of the re- 
lation is determined when individuals are substituted, who have the relation ‘father- 
child.’ It is the business of thinking, however, to determine whether or not any 


individuals actually as a matter of fact do fall into the relation. 
1Cf. treatment of Non-Syllogistic arguments, Ch. XIV. 
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of the instruments which made them possible, and we may be 
persuaded that these instruments were indeed found in the 
formed material. 

Kinds of Relations. There are kinds, classes, or types of 
relations as there are of terms. It is not possible, however, to 
use the same vocabulary with relations that we employ in the 
discussion of terms, i.e., relations are not general, particular, 
abstract, concrete, etc. ; and we must devise a new set of words to 
convey the idea of classes of relations. The formation of rela- 
tional concepts, however, does not differ from the method in the 
formation of classes of things and qualities symbolized by terms. 
The abstractive process, the removal of instances from the set- 
ting of concrete reality, is the same in the formation of both no- 
tions. Relations may be generalized in the same manner that 
governs generalization in any of the more concrete realms of 
experience. These generalizations then take their place among 
the fundamental categories for the organization of experience. 

1. Asymmetrical. Relations of this class are among the most 
important of all classes of relations, since they are the kind that 
lead to series or order, and thence to geometry, dimensions being 
developments of order. If a precedes 0, b cannot precede a; 
if @ is greater than 6, b cannot be greater than a; if a is later 
than 0, b cannot be later than a; if a is to the left of 6, 6 can- 
not be to the left of a; if a is the father of 5, 6 cannot be the 
father of a. Relations having the property expressed in these 
examples are said to be asymmetrical. Their connections with 
space and time is obvious, and they play therefore a prominent 
réle in the foundations of sciences dealing with space and time. 
Experimental science does not seek a more fundamental rela- 
tion than the causal which is a case of the more general type. 
Time and space, however, yield to relational analysis, and 
thereby is made possible a more minute statement of the results 


of experimental science in terms of the foundations of mathe- 
matics and logic. 
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2. Symmetrical. Relations are said to be symmetrical when 
they possess a property such that if a is similar to b, then 3 is 
similar to a; if John is like James, then James is like John. In 
these examples, similar to and like express symmetrical relations. 

By the introduction of two new technical terms into our 
vocabulary we are able to express more adequately the meaning 
of symmetrical and asymmetrical relations. Above we have 
been defining these concretely, 7.e., giving examples of them. 
The two terms are domain and converse, i.e., domain of a rela- 
tion and converse of a relation. By domain is meant the class - 
or term which symbolizes the individuals that have a given 
relation to something. An example will make this clear. In 
the relation of father to child, fathers is the domain of this re- 
lation; in that of physician to patient, physicians is the domain 
of the relation. The converse of the relation of father to child 
is children; in that of physician to patient, the converse is 
patients. With these terms in mind we may characterize a 
symmetrical relation as one in which there is compatibility 
between the domain and the converse; asymmetrical relations 
would be those in which there is incompatibility between the 
domain and the converse. 

3. Transitive and Intransitive. If a is similar to b and b is 
similar to c, then a is similar to c; if a is before b and 0 is before 
c, then a is before c. Relations expressed by less than, earlier 
than, north of, right of, etc., are transitive. Transitive relations 
are important in connection with series such as the number 
series in arithmetic. The notion of order, fundamental to a 
large portion of mathematics, is intimately connected with 
asymmetrical transitive relations. Order lies, not in the class 
of terms, but in a relation among the members of the class. 

4. One-Many. Another class of relations is the one-many. 
Since it seems possible to reduce any relation to one-many, this 
relation appears to be fundamental, 7.e., the relation in terms 
of which all others can be expressed, but for the purpose of 
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getting acquainted with these relations, we shall consider one- 
many relations as a class along with the others. They are de- 
fined ‘as relations such that, if x has the relation in question 
to y, there is no other term x’ which has the relation to y.” 
For example, ‘ the discoverer of America’ expresses a relation 
of this class. There is no other term than x such as x’, which 
has this relation to y. Relations of this kind are means of de- 
scribing an object or term, and are spoken of as “‘ descriptive 
functions.” We may describe by relations as well as by terms, 
although such descriptions are not so well known. ‘‘ The last 
of the Mohicans,” for example, is an admirable way of descrip- 
tion by one-many relations. 

5. One-One. One-One relations are really a sub-class of 
one-many. They are such that for any member in one class 
there is one and only one in another class. An example would 
be that for each soldier there is one gun. We know that the 
number of soldiers is equal to the number of guns, but we need 
not know the number of soldiers or the number of guns. Such 
relations give a correlation between classes. The relation be- 
tween thinking and thought may be expressed in this manner. 
For example, a fact in the former becomes a ferm in the latter ; 
an hypothesis, a proposition; experimentation, ratiocination. 
In America we know that the class of husbands has the same 
number as the class of wives, since they are ordered by a one- 
one relation. We know, too, that the number of even numbers 
is equivalent to the number of even and odd numbers together 
for the same reason, i.e., they correspond one to one. But we 
need not, nor do we, know the number of numbers in either 
class. One-one relations are important especially in the de- 
velopment of the notion of an infinite class. Such a class is 
one in which a part of it is equivalent to the whole, such as the 
class of even and of odd numbers just mentioned. One-one 
relations are the means at our disposal for getting a correlation 

1 Russell, B., Introduction to Mathematical Philosophy, p. 47. 
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between classes. For example, simple counting involves a 
correlation between one group, as the students in a class, and 
another group, the series of integers. 

Extension and Intension of Relations. Extension and_in- 
tension as applied to terms may, in a sense, apply to relations. 
By the extension of a relation we may mean all the relations 
which are examples of the class of relations in question. For 
example, the relation ‘father of,’ ‘cause of,’ ‘ greater than,’ 
etc., are examples of the class of asymmetrical relations. But 
as extension is generally considered it means the class of couples, 
triads, tetrads, etc., which have the relation in question. The 
extension of the relation ‘father of’ would be the class of couples, 
‘father-children,’ who have the relation. In other words, the 
extension of the relation is the sum of the domain and the con- 
verse domain.! Extension leads to a type of definition which is 
called concrete, i.e., definition by example. The intension or 
connotation of a relation is more difficult to state. Relations 
do not yield readily to abstract definition, and by many are 
treated as indefinables. Looked at from one standpoint, re- 
lations seem to be both the meaning and the thing meant, while 
a term generally refers to something beyond itself, 2.e., to some- 
thing meant. While it is true that relations do not yield to 
abstract definition, all relations possess what is sometimes called 
a “sense ”’ or “ direction.” This sense, for our purposes, may 
be called the connotation or intension of the relation. Terms, 


1 By so considering extension it is possible to develop a calculus of relations analo- 
gous to a calculus of classes and propositions. Such classes of couples, triads, etc., 
differ from ordinary classes in that (a) they are always couples, triads, etc., and 
(b) by the fact that they ‘possess’ a given relation. It seems not possible to develop 
a calculus of relations and classes intensionally, i.e., from the standpoint of the mean- 
ing of terms and relations. Formal logic, whether directed towards classes or rela- 
tions, is able to deal with things extensively, or, as we may say, quantitatively. It 
deals with the product of thinking as original material, and may, by the use of the 
methods of inference, draw conclusions that thinking in the original problem did not 
develop. But thinking deposits the material upon which we develop our formal 
logic of classes and relations. There seems to be no calculus of systematic problem 
solving — it is always hazardous. 
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it will be recalled, possess connotation, 7.e., meaning or reference 
to qualities or attributes. Relations hardly possess attributes 
as “ mortality ” or “ rationality,” and the like; but they appear 
to be so fundamental that no descriptive word renders them 
more clear. The sense of direction, however, is present in all 
relations, the sense, namely, that if a is greater than 5, we are 
moving in a direction from greater to lesser. ‘ North of,’ 
‘equal to,’ ‘friend of,’ ‘included in,’ and such relations 
possess a directional quality which must be sensed in order to 
carry on intellectual commerce. Various ways have been de- 
vised for expressing this sense of direction, such as clockwise, 
counter-clockwise, plus, minus, etc. 

James has spoken of the transitive parts and the substantive 
parts in thinking. He likens the process of thinking to the bird’s 
flights and rests — the flights symbolizing the transitive, the 
relational, and directional aspect of thinking and the terms the 
solid, lighting places in the process. Adjectives may be applied 
to the solid portions — to terms — which may be defined ab- 
stractly ; but to relations descriptions are not applicable. There 
is only a relation between things. 

Hypostatized Relations. In the discussion of terms it was 
shown that it is easy to believe that since there is a word, there 
must be something concrete to which the word refers and which 
embodies it. ‘ Will,’ for example, in psychology is taken to 
represent the dynamic aspect of all conscious life. It is easy 
then to talk about the will, as though a definite entity which 
could be pointed out had being. In the same manner we may 
discuss entities which have no concrete reality. There is noth- 
ing wrong in speaking of things of this kind so long as we make 
it quite clear that they are of this character. The difficulty 
arises when they are mistaken for definite, objective things. 
A relation is hypostatized when it is taken from its concrete 
setting as an instrument for the organization of experience, and 
treated as if it had being in its own right. Both relations and 
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terms so hypostatized may indeed become the object of investi- 
gation. This is a legitimate undertaking, but one which is too 
abstract to be of great interest for our purposes. Hypostatized 
terms and relations become the subject matter of the founda- 
tions of mathematics and physical science, and, in fact, of any 
interest whose doctrines are well established. Such an investi- 
gation, however, is foreign to the methods employed in reaching 
the particular conclusions in our thinking experience, and has 
significance in a world of thought or knowledge which is given 
once for all. 


PROBLEMS 


1. Give a few examples of the various kinds of relations mentioned in 
this chapter. 

2. What sciences, if any, are concerned primarily with order? Does order 
have a place in any science? Does order lie in the class of terms? If not, 
where does it lie? 

3. What is meant by a descriptive function? Give examples. 

4. What parts of speech exemplify relations in common discourse ? 

5. How is the idea of ‘relation’ formed? (See James, Psychology, Vol. 
II, pp. 148 ff.) 

6. Try to give reasons why it is possible to state physics in terms of 
mathematics. 

7. What is the chief function of relations in science? 

8. What relation does experimental science deal with primarily? Of 
what class of relations’is this an example? 

9. State the domain of each of the following: ‘attorney of’ in ‘x is the 
attorney of y,’ ‘teacher of’ (form a proposition), ‘robber of,’ ‘betrayer of,’ 
‘employer of,’ ‘greater than’ in ‘x is greater than y.’ 

to. Select five relations, express them in propositional functions, and 
state the converse domain of each. 

11. What is meant by hypostatized relations? Of what value, if any, 
is a study of them? 

12. Classify the following relations: 

(a) father of 

(b) of the same stuff as 

(c) « is larger than y and y is larger than 2 
(d) fifty students for each instructor 
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(e) north of 

(f) bis between a and ¢ 

(g) spouse of 

(h) “for every woman born is born a man” 

13. In the following selection mark the terms and state the kind of each. 
Do the same for relations: In the struggle between the coal operators and 
the miners stands midway the great class of neutrals known as the ‘ public.’ 
Itis the public which must beara large share of the burden when strikes are 
declared or when mines shut down. If the wages on the new scale are greater 
than on the old, the difference is passed on to the luckless consumer who 
pays it with a grumble; if they are less on the new scale than on the old, 
the consumer is happy until he is ready to dispose of his own commodities, 
when he finds that lower wages has rendered the workman less able to buy 
them — and again he grumbles. But if the same wage scale which has 
been in force is readopted, all three grumble. 
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CHAPTER IV 


THE PROPOSITION 


Nature of the Proposition. The proposition is the unit or 
element of thought. It is the unit for the transmission of mean- 
ings and for their statement. From the standpoint of thinking 
or process the proposition is called the hypothesis, and is used 
as a platform or point of view for further experimentation and 
prediction. It is the statement of a possible solution of a given 
difficulty. 

Terms and relations standing alone are not objects of belief 
or vehicles by which meanings are conveyed. If some one 
should greet you with “ fish ” or “ larger than ”’ you might have 
reason to question his sanity; but if he should say, ‘“‘ I caught 
a fish yesterday larger than most fish in these waters,” you 
might question his integrity but you would know his meaning. 
It will be observed that a proposition is a combination of terms 
and relations, which gains its significance precisely from this 
combination. It is the ordinary instrument by which mean- 
ings are transmitted. Meanings may be transmitted by various 
forms of symbolism such as the highly abstract language of 
some parts of mathematics, or by the simple device of nodding 
the head, or by the ordina y devices of language. 

Proposition-Judgment. The judgment is the active aspect; 
the proposition, the result aspect of thinking. Thinking takes 
place by means of judgments, thought is expressed by means of 
propositions. They may be either the ordinary class proposi- 
tion or the relational. The judgment means that something 
has actually been solved, a case has been settled, evidence 
weighed and a decision rendered; while the proposition is not 
expressive of any present difficulty, but expresses what is al- 
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ready achieved. A court trial furnishes a good example of the 
method of formation of judgments — attorneys on opposing 
sides, witnesses frequently offering conflicting testimony, jury 
hearing arguments, testimony, and instructions from the judge, 
and finally — the judge ruling on points of law, the jury on 
points of fact —a decision is reached called the verdict of the 
jury, which carries such and such penalties which are pronounced 
by the judge. The verdict (judgment) ‘‘ John Jones is guilty 
of arson,” is no dead, cold, formal matter but represents the 
results of a long series of efforts at arriving at the truth. Scien- 
tific judgments are of the same nature. Observation and 
experimentation on various possibilities or rival hypotheses 
lead finally to a judgment which may become a law of nature. 
Scientific method may well be conceived as that technique by 
which adequate judgments are formulated. Such judgments 
expressed in language are propositions which may be the sub- 
ject matter of investigation on their own account. They fur- 
nish the material out of which closely-knit systems are formu- 
lated such as are expressed in the various forms of syllogism 
or in the foundations of mathematics. 

To solve a problem means to formulate an adequate judg- 
ment — this judgment expressed in symbols is the proposition 
whose elements are terms and relations. 

Grammatical Analysis of Propositions. The class proposi- 
tion, from the grammatical standpoint, is a sentence which 
possesses a subject and a predicate united by some form of the 
verb to be, which is called the copula. The subject is the word 
or group of words about which something is affirmed or denied ; 
the predicate, the word or set of words asserted or denied of the 
subject. For example, in the sentence, “ John, the brother 
of Henry, gave a knife to the son of Uncle Philip,” + “ John, 


1 This sentence may be regarded as relational rather than as one expressing con- 
nection between classes, but we have chosen to adhere to the traditional method of 
treating it for the purposes of the example. 
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the brother of Henry ”’ is the subject and “ gave a knife to the 
son of Uncle Philip”’ is the predicate. In order to fulfill the 
requirement that the copula be some form of the verb Zo be, it 
is necessary to reduce the sentence to its “‘ logical form.”’ More 
will be said about logical form later. Here it will be sufficient 
to state the result of such reduction in the example above. It 
would be something as follows: ‘‘ John is in the class of those 
who gave,” etc., or “ John is such a person as,” etc. The 
assumption underlying the subject-predicate relation is that of 
classes, 7.e., that there is a class of objects or qualities expressed 
through terms that may be applied to the subject, or to which 
the subject belongs. 

In the relational proposition we do not say that something is 
predicated of a subject. Such a proposition symbolizes the re- 
sult of an act of judging in which a relation between terms has 
been set up or established. 

From the standpoint of the judgment, the subject represents 
the unquestioned portions of experience, the “ this” that is 
given directly in experience; the predicate, a plan of action 
which we are “ trying on” the subject; and the copula sym- 
bolizes the actual process of “ trying on.” In judging we are 
trying to do something, trying to. solve a problem. In that 
situation of “ trying to solve a problem” there is something 
whose existence is unquestioned — that is the subject, the thing 
that is giving us intellectual difficulty. What the thing is or 
how related is the proper predicate. Since we do not know what 
it is or how it is related, we try various predicates and see how 
they help clear the difficulty. The copula symbolizes the try- 
ing. An example will make this clear. After class I return to 
my room and find it torn up — hats on the floor, covers off the 
bed, dresser drawers all out and contents scattered about — 
general confusion. I may, if I am a poor housekeeper, view 
the situation and say, ‘‘ home again ’’; but if Iam a tidy house- 
keeper, I recoil saying, ‘‘ cyclone,” “ robbery,” “little Johnnie 
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has called on me.” These are immediate predicates which the 
subject — the disordered room — suggests. But I am not, if 
level-headed, ready to be sure about my immediate judgments, 
and resolve to look further. Thereupon I go to my little secret 
box in which I keep my valuables, and lo! all is gone! I then 
feel certain that ‘‘ robbed” is the proper predicate to give 
meaning to the disordered condition of my room. ‘“ Cyclone,” 
“robbery,” ‘‘ Johnnie’s visit,” are possible predicates; the 
form to be is the symbol for the trying out of the various predi- 
cates; and the proposition is the statement.in a sentence of 
the results of the inquiry. 

In experience giving origin to relational propositions, since 
a predicate is not affirmed of a subject, we are cognizant of at 
least two terms which are symbols for facts, and the problem 
is to unite them with an organizing relation. The relation we 
attempt to introduce really functions as the class predicate, al- 
though it is not a class predicate as this is ordinarily conceived. 
Just as we have solved our problem (as to what the nature of 
the disturbance must have been which resulted in the disordered 
room) when we apply the predicate “‘ robbed,”’ so have we solved 
our problem which results in a relational proposition when the 
relation which we have introduced organizes the terms in such 
a way as is consistent with the parts of our world which we do 
not question. 

In scientific investigation, as we shall see later, we begin 
with what we may here call the ‘ facts ’ — they constitute the 
subject — we try on (experiment with) various predicates 
(hypotheses), and finally we reach a satisfactory conclusion 
which is stated in the form of a proposition. 

Forms of Propositions. A proposition, as we have pointed 
out, is a judgment expressed in language — it is a statement 
of the results of the process of thinking. It is, therefore, it 
would seem, in the judging process that we might find a clue for 
determining the various forms of propositions. To determine 
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the forms of propositions is one of the most difficult problems 
of logic, and one which takes us far into the problems of phi- 
losophy. One who masters a theory which yields the various 
propositional forms, and which gives a place and a meaning to 
them, has gone a long way towards understanding many other 
problems which are generally non-existent to the superficial 
thinker or to one who is willing to take his ideas on ‘ authority.’ 
“The first part (of logic) investigates what propositions are 
and what forms they may have. This part, which merely enu- 
merates forms, is the more difficult, and philosophically the more 
important; and it is in recent progress in this first part, more 
than anything else, that has rendered a truly scientific discus- 
sion of many philosophical problems possible.” ! 

The forms of propositions generally stated in elementary texts 
are the hypothetical, the disjwnciive, and the categorical. When 
an assertion is made simply, as it is stated, the proposition is 
categorical, as x is y, John is a ‘ radical,’ Socrates drank the 
hemlock, This is a cow. When the assertion is conditional or 
contingent, we have either the disjunctive or the hypothetical 
form of proposition. The disjunctive is illustrated in the 
following: This is either a horse or a cow, He is either a ‘ modern- 
ist’ or a ‘ fundamentalist,’ Men are either rational or not ra- 
tional. The hypothetical is illustrated in: If it rains I will 
take an umbrella, If this public official is honest he will not take 
a bribe, If equals are added to equals the sum will be equal. 
Categorical propositions are sometimes called assertoric ; disjunc- 
tive, problematical; hypothetical, apodeictic. These terms are 
used to indicate the degree of certainty about, and the extent 
of knowledge of, the subject matter involved. They represent 
what is sometimes spoken of as the modality of propositions. 

Categorical propositions are further analyzed from the stand- 
point of quantity and quality, a topic which engages us shortly. 


1Russell, B., Scientific Method in Philosophy, Open Court, 1915, pp. 57. Seealso 
Dewey, J., Essays in Experimental Logic, University of Chicago Press, 1916, pp. 335 f. 
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The various forms of categorical propositions, as will be seen, 
are based on the idea of whole and part, on the one hand, and 
on positive and negative assertions, on the other. 

Assuming that a judgment is an intellectual attack on some 
phase of reality, on a problem or difficulty that cannot be met 
immediately as is possible on the levels of instinct and habit, 
we may hope to find some clue as to the forms of propositions 
by a consideration of the ways attacks are made on a problem. 
We agree with Hegel that to affirm that a carriage is passing the 
house is not a judgment unless there is indeed a question as to 
whether it is a carriage or a cart — unless, that is, there is some 
difficulty which demands adjudication. A judgment always 
involves doubt, is concerned with a difficulty, and when the 
doubt is cleared away and the difficulty removed, the result is 
expressed in a proposition.! 

Suppose our difficulty to be the meaning of a thing — some 
strange object. The form of question in such a situation is: 
What is this? The answer which, when given, is the proposi- 
tion, takes the form: This is so and so. We may call such 
propositions descriptive. If our problem is concerned about 
the relation between things, events, entities, we may call the 
proposition implicative. In case the difficulty is concerned 
with the relative worth of two or more things, entities, or courses 
of action, we may call the proposition which expresses the judg- 
ment, one of value. 

Suppose our problem to be that of the relation of a concrete 
thing to a class of things. A proposition which states the re- 
sults of such a situation is, ‘ Socrates is a man,’ ‘ This horse is a 
quadruped,’ and the like. These propositions are categorical 
and descriptive, but they have other properties which differ- 
entiate them from other forms of categorical descriptive propo- 
sitions. Such propositions as the above have been called sin- 
gular. If our problem is directed towards the determination 

1 Hegel, Logic, Wallace’s Translation, pp. 258-9. 
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of the relation between classes, we have a categorical descrip- 
tive proposition which is either of the form, ‘Some x is y’ or 
‘All x is y’ (or ‘Some ~ is not y’ or ‘All x is not y’). We may 
call these propositions general. Great confusion has resulted 
from considering singular propositions as of the same “ strata 
of reality ”’ as general propositions. One result is the confu- 
sion of the particular and the universal, the particular, of course, 
being the concrete thing, the universal, the general, symbolized 
by a common noun or other form of general term. 

The judgments we render, however, may be stated in two 
general forms, namely, in the form of inclusion and exclusion 
of classes, and in the form of the relation between two or more 
classes. Inclusion and exclusion are in fact forms of relation 
which we may call the whole-part relation. This relation is 
common and is the one which has played a leading rdle in logic. 
Examples are, ‘ All a is 0,’ ‘ All men are mortal,’ ‘Some men 
are not Americans.’ Propositions expressing the relation be- 
tween classes are of the form, ‘a is greater than b,’ ‘ this course 
of action is better than that,’ and the like. We may call the 
proposition expressing the relation of inclusion and exclusion of 
classes the class proposition or the subject-predicate proposition, 
since its general nature is to affirm a predicate of a subject. 
The proposition which expresses a relation other than that of 
inclusion and exclusion may be called relational. In such 
propositions a predicate is not affirmed of a subject but a rela- 
tion is asserted to obtain between terms, events, entities, or 
things. 

Thus, for our purposes, there are two fundamental types of 
propositions, namely, class and relational. They may take the 
categorical, hypothetical, or disjunctive forms; but the chief 
thing about a proposition is whether it is class or relational, and 
when this is determined, we may proceed to a further analysis 
into categorical, etc., and still further into the various forms 
of the categorical, hypothetical, and disjunctive. In our fur- 
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ther treatment it will be observed that we deal with operations 
on both class and relational propositions, and not alone on class 
propositions as is the common practice — a practice founded on 
the belief that all propositions could ultimately be reduced to 
the subject-predicate or class form. Inference in its various 
forms attaches to both class and relational propositions, and to 
combinations of propositions in syllogisms and in related forms 
of discourse. 

It may be well to go into greater detail on the meaning of the 
terms categorical, disjunctive, and hypothetical as applied to 
propositions, both class and relational. We may regard them 
as terms indicating stages in the progress of knowledge — from 
indefinite to definite, from unorganized to organized, from 
indeterminate to determinate. A judgment rendered in the 
categorical form may indicate “the primary stage of vague 
assertion, wherein the conditions upon which the asserted facts 
depend have not been fully analyzed.” Early judgments take 
the categorical form, either class or relational — ‘ this is sweet,’ 
‘that is a horse,’ ‘ this is lighter than that,’ ‘ this is prettier 
than that,’ and such. Such judgments expressed in categorical 
form are of the kind a child would give, or of anyone in a novel 
field of experience. In their lowest form they may be called 
judgments of wonder, or perhaps better, judgments of surprise. 

The disjunctive proposition may be conceived as involving 
both a categorical and an hypothetical element. In the propo- 
sition, ‘This man was either killed in an automobile accident 
or murdered,’ the categorical element is seen in the limitation 
of the cause of death to two possibilities — toa definite, signifi- 
cant area of possibility; the hypothetical element is noticed 
in the implication that if one possibility is true the other is false. 
The disjunctive proposition involves relations which, in turn, 
involve systems of order. The problem, however, in every 
disjunctive situation is to reach ultimately a categorical propo- 
sition. If we say ‘ that is either a or b,’ we must have knowledge 
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of systems, but to determine precisely which of the possibilities 
is true, we have recourse to experience — if we there find that 
‘ this is @’ is false, we know that ‘ this is b’ is true. Negation, 
thus, becomes significant when the possibilities are limited. It 
is generally impossible to get far on the way to positive knowl- 
edge by a process of negation — by showing what something 
is not; but when the field is limited, as in the example above, 
negation becomes significant.1 

The hypothetical proposition is indicative of closely knit 
systems of order. It represents par excellence the implicative 
situation. ‘If... then...’ is its symbol. It indicates a 
knowledge of definite relationships —it involves necessity — 
it takes the apodeictic form. It is in hypothetical form that our 
mathematical axioms should be stated, as well as the hypotheses 
of experimental science, and plans of practical experience. It 
is in this form that we state the conditions of our moral and 
practical judgments. “Jf I do so and so, then such and such 
will follow.”” When we have decided that we shall do so and so, 
our judgment is categorical, but our decision was reached on 
the grounds of the consequences developed by deductions from 
our hypothetical proposition. 

Closely related to kinds of propositions is a topic of a good deal 
of importance, which may be called propositional types. We do 
not here mean kinds of propositions, or forms of them, but rather 
the order of propositions. Let us examine a case of what is 
meant and draw our discussion from the case. Let us assume 
that some one says that the common and universally accepted 
(universally accepted except in cases of chronic skepticism) 
logical principle that the same proposition cannot be both true 
and false, does not hold, that this principle is unsound or is 
invalid. He gives a case as follows: ‘“‘ Suppose I say, ‘I am 
telling a lie.’ Now if I am actually telling a lie, it is obvious 
that I am telling the truth, for that is precisely what I say I 


1 The alibi in criminal cases illustrates significant negation. 
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am doing. But if I am telling the truth, I cannot be telling a 
lie. Therefore ‘I am telling a lie’ is both true and false.” 
An examination of the argument will give a fair notion of types 
of propositions. When I say ‘ I am telling a lie,’ I mean to refer 
to some other situation or set of circumstances concerning which 
I am telling a lie. The other set of circumstances symbolized 
by a proposition, we may call of the first order. The proposi- 
tion, ‘I am telling a lie,’ is one of the second order. A proposi- 
tion about the one, ‘ I am telling a lie,’ is of the third order, etc. 

Confusion arises when a proposition of one order is mixed with 
one of a different order. The same proposition cannot be used 
as an argument for or against itself — some other one must be 
taken, one of a lower order, as a basis of an argument in any 
particular case. When Pyrrho, the ‘‘ doubting Thomas of the 
Greeks,” asserted that he doubted everything, even that he 
doubted, he was guilty of this confusion. His doubting was 
possible in certain fields of positive knowledge — fields which 
constitute a particular order of propositions, but his doubting 
could not be urged against itself. The snake, by the most 
cunning maneuvers, is not able to swallow itself. 

Concrete things, ideas, concepts or universals (such as are 
symbolized by common nouns), and operations or processes are 
examples of different levels of existence, and when they are as- 
serted in propositions, they give rise to different types of propo- 
sitions. The same confusion that beset Pyrrho arises in our 
thinking and is discerned in our thought when we mix a proposi- 
tion relating to a concrete thing with one that relates, say, to 
operations. As examples of logical propositions that are of 
different orders or types, but which have generally been treated 
as of the same type we may give the following: 


Socrates is a man; 
All men are mortal. 


The first concerns the relation between a concrete object (Soc- 
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rates) and a class (man); the second, the relation between a 
class (men) and a more inclusive class (mortal). 

The chief practical value of a consideration of types of propo- 
sitions and their corresponding “ levels of existence ” is found 
in greater appreciation and keener sympathy with beliefs and 
doctrines that may seem “absurd.” They may perhaps be 
absurd, but the reason for this may be found in the fact that we 
are viewing them solely from one level while the doctrines them- 
selves may be of a different level. We need to remember the 
lessons so vividly brought out in the current doctrine of rela- 
tivity in physics, namely, that the point of view of the observer 
is important — his “system of reference”? may not be on the 
same level of existence as ours. He gives a different report 
about the nature of things in his system from that given by our- 
selves who are in another system of reference. 

[The categorical proposition is the form that is fundamental 
in the logic of classes, z.e., in traditional logic handed down from 
Aristotle. It has been assumed that the other forms of propo- 
sitions could be reduced to the categorical, in general, by stat- 
ing the hypothetical first as a disjunctive, and the disjunctive 
as a categorical. For example, the hypothetical form, ‘if x 
is not y it is z,’ when reduced to the disjunctive becomes, ‘ « is 
either y or z.’ This then becomes ‘x is y’ or ‘xis z.’ It becomes 
a matter of experiment to determine in which of the classes 
x actually belongs. 

[The conditional proposition asserts that one of several al- 
ternatives has validity; and the hypothetical asserts that in 
the event of a specified condition called the antecedent, another 
fact called the consequent follows. “If... then...” is the 
form of the hypothetical proposition. It indicates a knowl- 
edge of systems of order, and thus expresses a deeper insight 
into the nature of things and relations than do the other forms. 
It is this form that mathematical reasoning generally takes. 
“‘ Tf there are such things as triangles in the world of concrete 
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fact, then they will have their interior angles equal to two right 
angles.”’ It is not at all necessary that a real triangle exist in 
order that the reasoning be valid — the implications flow from 
the nature of the definitions, and not from the fact that there 
actually is such a figure. ] 

[The Propositional Function. Recently through the works 
of a few mathematical philosophers the propositional function 
has come into use. It is a device of considerable importance in 
formal logic, and the student of elementary logic should be ac- 
quainted with its general features. It may be described as a 
“ generalized proposition,” in an analogous fashion to terms as 
generalized things and relations as generalized connections 
between things. We are all acquainted with the nature of 
function in mathematics and this should help in understanding 
function when applied to logic. Also in everyday life we know 
that one thing is dependent on another, such as the number of 
hours of sleep upon the amount of coffee taken, or the value of 
the crop upon the amount of work bestowed upon it, etc. Some 
examples of the propositional function will make its nature 
clear. “x isaman,” “x+y = 20,” “if x, then y.”’ It will be 
observed that propositional functions are neither true nor false, 
and that they are the general forms into which significant proposi- 
tions may be fitted. When constants — terms with meanings — 
are substituted for the variables, « and y, we have propositions 
which are either true, false, or meaningless. Any proposition 
can be fitted into a propositional function, 7.e., the proposi- 
tion is simply some constants substituted for variables. In the 
first example, ‘“‘ x is a man,” we get a true proposition when we 
substitute for x “George Washington”; a meaningless one 


b 
when we substitute ‘‘ the Great White Way”; a false one 
when we substitute “Rosinante,” which happens to be the 
name of Don Quixote’s famous horse. In the second example 
above, we get a true proposition when for x we substitute 18 


and for y 2; a meaningless one when we substitute for x the 


I / 
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“Disarmament Conference” and for y a “ Hunting Party ”’; 
and a false one when for x we substitute 16 and for y 13. 

[Since propositional functions are neither true nor false, 
being purely formal, it is possible to study them apart from any 
content, and without regard to objective validity, z.e., to their 
application to the facts of experience. The development of 
propositional functions is a topic of great interest, making it 
possible to build worlds that never were nor never will be. It 
is with this in mind that Russell defines mathematics as “ the 
subject in which we never know what we are talking about, 
nor whether what we are saying is true.” 

[The study of formal relationship also gives a fuller insight 
into the nature of the concrete facts of experience. 

[We may at this point suggest briefly some of the wider bear- 
ings of the idea of propositional functions on logic. Let us 
take ‘x is a man’ as an example of a propositional function of 
one variable. For the variable x we may substitute constants, 
namely, all those things that make ‘true’ propositions — 
John Jones, Henry Smith, Socrates, etc. All those things 
which, when substituted for the variable x, result in ‘ true’ 
propositions, form a class, namely, man, in our example. That 
is, propositional functions of one variable determine a class 
which is symbolized by a term — a class in extension. 

[Let us take another example: ‘x is the father of y.’ In 
this propositional function we have two variables, x and y. 
Such a propositional function determines a relation (in exten- 
sion). If we substitute constants for the variables, such as 
will render the propositions ‘ true,’ we have a set of terms — 
two in this example — which constitute the ‘field’ or ‘ exten- 
sion’ of the relation. All persons who stand in the relation of 
‘ father of ’ constitute the domain of the relation ; and all people 
who stand in the relation of ‘ child of’ constitute the converse 
domain. Both together constitute the field of the relation or 
its extension. 
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[We may say that, in the propositional function, ‘x is the 
father of y,’ x is the value of the function; y is the argument; 
and ‘father of’ is the relation. The notion of functions, so 
important in mathematics, is subordinate to and is a case of, 
the more ultimate idea of propositional functions. ] 

Quantity and Quality of Propositions. By the quantity of 
a categorical proposition is meant its aspect as to some, all, or 
none, 1.e., whether the assertion includes all, some, or none. All 
men are animals, no men are perfect, some men are good, some 
men are not good, are examples. 

From the standpoint of quantity propositions are of two kinds, 
namely, universal and particular. A universal proposition is 
one of the form “all x is y,” or “no «is y”’; a particular is one 
of the form “‘ some x is y,” or “ some x is not y.”’ In fact, these 
examples are propositional functions and not propositions, but 
for our purposes we shall use propositions and propositional 
functions interchangeably. 

By the quality of a proposition is meant its positive or nega- 
tive aspect. From this standpoint propositions are of two kinds, 
namely, affirmative and negative. ‘‘Some men are civilized ” 
is an affirmative, ‘‘some men are not civilized” is a negative, 
proposition. 

These propositions have symbols taken from the Latin afirmo 
and nego. That is, a universal affirmative is symbolized by A, 
the first vowel in afirmo, the particular affirmative by J, the 
second vowel in the same word; the universal negative by E, 
the particular negative by O, the two vowels in nego. It is 
desirable to memorize at once these symbols and what they 
symbolize, and to be able to think with them rather than with 
the things symbolized. Reasons for this are obvious: time is 
saved and definiteness results—it is easier, for example, to 
say ‘A’ than to say ‘ Universal Affirmative Proposition’; and, 
further, the practice in dealing with highly abstract symbols is 
itself valuable. 
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The relation between the terms in these kinds of propositions 
may be expressed graphically by Euler’s diagrams as follows: 


A allxisy 


I some xis y () 


E noxisy (=) (v) 
O some x is not y (hv) 


FicurE I 


It will be noticed that the examples above are categorical 
propositions. The assumption is one whose validity we shall 
not inquire into — that all class propositions can be reduced 
to the categorical form and hence can be stated as A, E£, I, or 
O. To reduce a proposition to “logical form ” means to state 
it in one of these forms. 

Distribution of Terms. A term is said to be distributed when 
it is used in a universal sense, either affirmatively or negatively. 
In the proposition, ‘ All voters are citizens,’ an A form of propo- 
sition, the subject is distributed, 7.e., used universally, but the 
predicate is undistributed. When the proposition is converted 
it becomes, ‘ Some citizens are voters.’ ‘Some’ introduces a 
proposition (generally) whose subject is undistributed. Only 
a part and not all of the members of the class are then the sub- 
ject of discourse. A proposition in the J form, ‘Some automo- 
biles are expensive,’ distributes neither the subject nor the predi- 
cate. This is shown by converting the proposition, 7.e., by using 
the subject as the predicate and the predicate as the subject, 
and noting the results of such transformation. It is obvious 
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that ‘some’ would precede the subject, and we would have 
‘ some expensive things are automobiles.’ All expensive things 
would not be included in the class of automobiles. An £ propo- 
sition distributes both subject and predicate. If No a is 8, 
then No b is a. They are mutually exclusive classes. An O 
proposition distributes the predicate but does not distribute 
the subject. The subject is particular, being introduced by 
‘some,’ when reduced to ‘ logical’ form, 7.e., stated in the form 
of subject-copula-predicate. The predicate, however, is used 
in a universal sense. 

Summarizing, we may say: 

A propositions distribute the subject, 

E propositions distribute both subject and predicate, 
I propositions distribute neither subject nor predicate, 
O propositions distribute the predicate. 

Many class propositions offer peculiar difficulty in yielding 
to the four forms — a difficulty residing in a determination of 
the distribution of the terms in the proposition. Such proposi- 
tions are ambiguous. As we pointed out in connection with 
language and logic, the demand that logic makes of language 
is that the terms be unambiguous. Before the rules of formal 
logic can be applied we must be sure that our terms are definite 
and that our propositions are stated in due form. To the end 
that we may better reduce propositions to logical form we shall 
point out the interpretations usually given to ambiguous propo- 
sitions. 

We have what are called exceptive propositions. When a 
proposition begins with ‘all,’ ‘some,’ or ‘ none,’ we generally 
have no difficulty in properly placing it. But it is seldom that 
our propositions come to us in this form — a fact that leads to 
the problem of interpretation of propositions. A proposition 
beginning with ‘all but,’ ‘all except,’ and the like, is called 
exceptive. An exceptive proposition affirms (or denies) that 
something is true of all the members of the class except those 
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specified. “All but socialists were invited,” is an example. 
Such a proposition may be interpreted as an J: “Some were 
invited.” 

A proposition is said to be exclusive when it states that some- 
thing is true of certain individuals of a class. They may be 
introduced by ‘ only,’ ‘ none but,’ ‘ alone,’ and the like. “‘ Only 
those having business will be admitted,” is an example. Others 
are: “ Only the brave deserve the fair,” ‘‘ None but physicians 
are admitted.” The last example falls into the A form when 
it is interpreted to mean, ‘‘ All who are admitted are physicians,” 
and into the Z form when it is interpreted to mean, “ Those 
who are not physicians are not admitted.” As is obvious, it 
may be interpreted either way. 

Another kind of ambiguous proposition is called the indefinite 
or indesignate. ‘They are such that it is impossible to determine 
by their form whether they are to be taken as universals or par- 
ticulars. When we say ‘“ Banks fail,’ ‘‘ Crows are black,” 
“ Haste makes waste,” “‘ Groceries are expensive,’ do we mean 
to use all or some to qualify or modify our subjects? The way, 
evidently, to determine the distribution of such terms is by an 
examination of the facts. The discovery of a negative instance 
—a white crow, or a case in which haste did not make waste, 
etc., would be sufficient to render such propositions particular. 

Ambiguities in propositions are the source of such fallacies 
as amphiboly and accent, the former arising from the grammatical 
structure of the sentence or proposition, the latter from false 
emphasis on a word or group of words in the proposition. These 
are considered more in detail in the treatment of Fallacies. 

The proposition, “ John is a man,” is sometimes called a sin- 
gular proposition. It is generally disposed of as a universal 
proposition. There is, however, a great difference between this 
proposition and the ordinary class proposition. In the former, 
we are asserting a relation between an individual and a class; 
in the latter, a relation between a sub-class anda class. ‘ John’ 
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is an existing, concrete body — he can be pointed out; but 
‘republican’ is not a concrete body. ‘ Republican’ forms a 
sub-class of the class ‘ political party.’ ‘ John’ (or any concrete 
body) is not of the same ‘ order of existence’ as ‘ republican ’ 
(or any class). ‘‘ Traditional logic regarded the two proposi- 
tions ‘‘ Socrates is mortal ” and “ All men are mortal,” as being 
of the same form; Peano and Frege showed that they were 
utterly different inform. The philosophical importance of logic 
may be illustrated by the fact that this confusion — which is 
still committed by most writers — obscured not only the whole 
study of the forms of judgment and inference, but also the rela- 
tions of things to their qualities, of concrete existence and 
abstract concepts, and of the world of sense to the world of 
Platonic ideas.” 1 


PROBLEMS 


1. What is the difference between judgment and proposition ? 

2. State the nature of the proposition from the standpoint of thinking. 
From the standpoint of thought. 

3. What is the difference between a proposition of the subject-predicate 
type and one of the relational type? Give examples. 

4. What does the copula in a class proposition symbolize? 

5. State the nature of the proposition from the standpoint of scientific 
investigation. 

6. Give examples illustrating the use of the terms assertoric, problematic, 
and apodeictic, as applied to propositions. 

7. Give some examples of propositional functions. Substitute con- 
stants which will render them true, false, and meaningless respectively. 

8. Reduce the following to ‘ logical form’ and give the proper symbol 
for each: 

(a) They are all out of step but Jim. 

(6) Anyone can do this. 

(c) None was saved. 

(d) Except ye repent ye shall all likewise perish. 


, ? Russell, B., Scientific Method in Philosophy, p. 41. We make some use of this 
distinction in the treatment of the forms of immediate inference, especially in some 
problems dealing with the ‘null’ class. 
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(e) Drink ye all of it. 

(f) Only ignorance is vice. 

(g) Brokerage houses often fail. 

(hk) The Assyrians came down like a wolf on the fold. 

(z) It rains. 

(j) Are they going tomorrow? 

(Rk) John is a citizen of the United States. 

() Philosophy bakes no bread. 

(m) All politicians are not dishonest. 

g. Illustrate by diagrams (a), (c), (d), (h), (k), and (m) of the above. 

to. What is meant by the distribution of terms in a proposition? 

11. Why does an O proposition distribute the predicate? 

12. Give five examples of relational propositions. What is asserted in 
a relational proposition ? 

13. “If... then...” is the sign of implication. Give several exam- 
ples of this. 

14. Give original examples of (a) exclusive propositions, (b) exceptive 
propositions, (c) indefinite propositions. 

15. Give examples of each of the kinds of propositions mentioned in this 
chapter. 

16. Point out the difference, if there is any, between the two proposi- 
tions: 

Socrates is a man; 
All men are mortal. 
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CHAPTER V 


DIVISION 


The Nature of Division. There are two operations that may 
be performed on terms, namely, division and definition.’ For- 
mal division and definition may be accomplished only on the 
assumption that knowledge has already been achieved. There 
must be something, symbolized by terms, to divide and define 
— in the former, a whole whose parts are sought through an 


1There are other operations that may be performed on terms or class names. 
These different operations are treated by the writers on symbolic logic under the 
heading ‘‘The Calculus of Classes.’’ Various mathematical operations are applied 
to classes in extension, such as addition and multiplication. Cf. Lewis, C. I., Survey 
of Symbolic Logic. Note especially Ch. II, pp. 121-2, and Ch. III, Sec. III. 

Simple operations of the kind found in symbolic logic are those directed to deter- 
mining the logical sum of terms and the logical product of terms. These operations 
are symbolized as in elementary algebra by + and X, the former meaning or, the 
latter, and. We deal in some detail in Ch. VII with operations on relations, and it 
will be unnecessary to go into detail on similar operations on terms. The logical 
sum of two terms, a + 6 is either a or b, 1.e., it is alternative. The logical product of 
two terms, written a X 3, is ab, i.e., it is concurrent. The logical sum of student and 
teacher is student or teacher; the logical product of student and teacher is student 
and teacher. ‘‘This usage may seem a little less paradoxical, if we think of entities 
to be added or multiplied as areas, and their sums and products as loci. Let a be the 
area of an orchard, and 6 the area of the adjoining barnyard. Then a + 6 is the 
sum of the orchard and barnyard. If, now, a colt has been given the run of the barn- 
yard, and the gate between the barnyard and the orchard happens to be left open, the 
colt’s range, or locus becomes barnyard plus orchard. Hence, if the fence is secure, 
we know that the colt will be found somewhere in the barnyard or orchard. In much 
the same way we may illustrate the idea of a ‘ logical product.’ A boy, detected in 
some misdemeanor, promises the judge of the juvenile court that for the space of 
thirty days he will not leave his native county. After returning to his home he prom- 
ises his mother that during the same time he will not leave his father’s farm. The 
farm lies partly in the boy’s native county and partly in an adjoining county. Now 
if the boy fulfills both promises, what will be the limit of his wanderings during the 
thirty days? Manifestly his range will be limited to the ‘ logical product’ of the 
farm and the county; that is to say, to the region in which farm and county overlap. 
If a represents the county and 6 the farm, the common region is a X 6, or simply ab.” 
(Dotterer, R. H., A Beginners’ Logic, pp. 110-11.) 
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analysis with an organizing relation as the instrument by which 
the analysis is accomplished; in the latter, a given whose in- 
tension is tested by certain canons which have been established 
for that purpose. These operations connect with the thought 
aspect of logic. 

Division is the development of the denotation or extension 
of a term — with the aggregate of objects denoted by the term. 
The assumption underlying formal division is that there is a 
group of known facts, things, entities, or existences. The pur- 
pose of the division is to organize this material according to 
some plan. A miscellaneous collection of books, for example, 
would be divided on the principle of similarity in some respect, 
such as weight, color, size, subject matter, etc. Division, it 
will be observed, is an analytic process, 7.e., a whole is presented 
and the purpose is to organize it on some principle or principles 
which are taken as known. That is, we are supposed to know 
before we divide the principles upon which we wish to make the 
division. We may try various principles, revise our old ones, 
and affect many changes, but in all these changes the principles 
of division or the lines along which the division is to take place 
are already known. Thus, division and definition go hand in 
hand, and are separated only for the purposes of discussion. 
We must know the meaning of a term along with the process 
of analyzing a given whole into its parts or elements. We must 
know what are the attributes of a thing along with our placing 
that thing in a given class or group. 

From the standpoint of thinking, to make a division and to 
formulate a definition are the main purposes of scientific logic. 
How are meanings as expressed in terms formulated, and how 
are they classified and organized? This question can be an- 
swered only by a survey of the whole field of scientific method. 
However, we may profitably discuss the formal properties and 
the established criteria of division and definition — of divi- 
sions already accomplished and of definitions already for- 
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mulated. But when relatively novel material is presented, we 
then have the task of discovering what principle will give the 
material such an order as will make possible easy movement 
through it — the task of division and definition. The methods 
of science are devices for discovering and organizing material. 

Practically, division is a process which has as its object the 
economizing of experience. Things which are alike in certain 
respects are grouped according to these respects, with the result 
that groups are handled instead of individuals. The impor- 
tance of the fact that we have a term that covers many par- 
ticulars cannot be overemphasized from the practical as well 
as from the theoretical, standpoint. Advancement in thought 
has occurred mainly along the lines of the simplification of ways 
of dealing with the objects of experience. An example is seen 
in the advantage of the present system of numerical notation 
over that employed by the Romans. When the vehicle of ex- 
pression is clumsy, too much energy is spent in manipulation 
of the vehicle and little is left for accomplishing more than the 
bare operation. 

Kinds of Division. There are two general kinds of division, 
namely, (a) dichotomous, and (0) classificatory. The former 
is one in which the subject matter is divided into two parts 
according to the possession or non-possession of a characteris- 
tic which is selected as the principle of division. In this form 
of division we deal with contradictory terms as ‘animate’ 
and ‘inanimate,’ or ‘rational’ and ‘irrational.’ Contradictory 
terms are such that there is no middle ground between them. 
‘Moral’ and ‘immoral,’ for example, are not contradictory — 
there is a middle ground, ‘non-moral.’ ‘He who is not for 
us is against us ” is also not a contradictory situation, for there 
may be many who never have taken a position on the question 
at issue, z.e., they may be neutral. When there is such middle 
ground, terms are said to be ‘ contrary’ but not contradictory, 
Dichotomy is grounded on the “ law of excluded middle.” It 
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should be noted that dichotomy is a formal process; that it 
does not aid in the least in affording information as to the pres- 
ence or absence of any characteristic, that it can be used only 
when a stock of knowledge has been determined by the methods 
of research, and that its function is to organize such knowledge. 

During the middle ages the Scholastics worked patiently with 
dichotomy in the belief that they could determine the nature of 
reality by an examination of symbols. It is now recognized that 
the way to gain knowledge of the world is by patient observa- 
tion and experimentation in the world of facts. Such exercises 
- as engaged the Scholastics have value in clarifying language and 


Substance 
Corporeal Incorporeal 
Animate Inanimate 
Sensible Insensible 
Rational Irrational 
Mortal Immortal 
Plato 
FicurE II 


in drawing of nice distinctions. But as a method of scientific 
research it has no value. The process can take place only after 
knowledge has been achieved. There is no “arm chair ” 
method in science. 

The example given here (Figure IT) of division by dichotomy 
is very old, dating from the time of Porphyry (cir. 233 A.D.). 
This is called the “‘ tree of Porphyry.”’ When once the division 
is accomplished, the term which marks the last step in the 
process (Plato in this example) can be defined by the appli- 
cation to the last term as subject the various predicates dis- 
played by the division. 

The chief difficulty in dichotomous division lies in the failure 
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to use contradictory terms. When an effort is made to give 
content to the negative side of the dichotomy, it frequently 
happens that the term substituted is not a contradictory of 
the term in the positive side, and confusion results. This 
matter will receive further attention when we come to the formal 
argument known as the dilemma.! Here it is in place toremark 
that the middle ground that forces itself on the attention, due 
to lack of exhaustive or contradictory terms, has played a 
prominent part in the history of thought. Aristotle’s theory 
of mortality is based on the mean which lies between two ex- 
tremes. Courage, a virtue, is the mean between foolhardiness 
and cowardice; temperance, the mean between an ascetic life 
and one of uncontrolled desires. Compromises which result 
from arguments on extremes of any question are also examples 
of the operation of the “‘ middle ground ” or mean. 

The thesis sets up a proposition or set of propositions, the 
antithesis sets up the negation of the original, the synthesis 
(compromise) brings to light certain underlying principles that 
seem to be common to both thesis and antithesis.2 Students 
of the logic of legislative assemblies readily recognize the 
importance of the compromise. They know that our laws, 
constitutions, and measures of various kinds are the resultant 
of forces which originally took the form of apparent contra- 
dictions. Especially in the social region of experience is the 
dialectic significant as in morality, religion, politics, indus- 
try, etc. — in the regions in which “opinion” plays such a 
prominent rdle. 

[Another difficulty in dichotomous division is presented by the 
fact that it fails to organize classes in a codrdinate manner. A 
desirable classification displays the material in codrdinated and 
subordinated form — coérdinate classes are recognized easily 


1See Ch. XI. 
* This method is commonly known as the “Hegelian dialectic,” from Hegel 
(fl. cir. 1820). 
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by their place in the schema or by some index; the same is true 
of all subordinate classes. A dichotomous division of govern- 
ments will illustrate this difficulty : 


Governments 


ae ee tier 


Monarchies, Not-Monarchies, etc. 


Ficure III 


As is obvious in this scheme Republics is codrdinated with Not- 
Republics, 1.e., with all other forms of government taken 
together; and monarchies would appear as subordinate to 
republics. 

[In some cases, however, a dichotomous division is the only 
one we can make. This is the case when we are almost wholly 
ignorant of the subject matter of division. If a child were 
dividing books from the standpoint of the language in which 
they were written, and if the child knew the English language 
only, his only method would be that of dichotomy. ‘The classes 
would be two, those in English and those not in English. The 
latter could not be further divided on that principle. When 
the material that falls under the negative head of the dichotomy 
is so diverse that no common characteristics may be discovered 
by a searching analysis of the material, we must be content 
with division by dichotomy. The chemist divides the ele- 
ments into the metals and the non-metals, the latter class pos- 
sessing no characteristics which enable him to develop a class 
coérdinate with the first.] 

(b) Classificatory division is an operation in which the partic- 
ulars, individuals, or sub-classes which belong under a class or 
term are organized or ordered. We classify when we organize 
or arrange individuals or sub-classes in accordance with a plan 
or principle which has been chosen as the principle of organiza- 
tion. We are said to divide when we move downward from 
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the more general to the less general — “ we divide the genus, 
but classify the particulars belonging to it, but in actual prac- 
tice our thought moves in both directions at once; and the 
process of dividing a genus is at the same time one of classifying 
the things in the genus. If, for example, one were asked to 
divide the genus novel, he might suggest a division into the novel 
of adventure, of character, and of plot; but he would at the 
same time run over in thought the novels that he had read, 
and ask himself if they could be classified satisfactorily under 
these three heads.” ? 

Kinds of Classification. There are two recognized kinds of 
classification, namely, artificial and natural. There is no posi- 
tive criterion by which we may determine whether we have one 
or the other. The purpose of classification or division is to 
economize thinking; and the difference between an artificial 
and a natural classification is to be found in the completeness 
or thoroughness in respect to this purpose. 

The classification of books according to the color of the covers 
would be an example of an artificial classification, and one 
which, I suppose, no one would ever make. Any classification 
of books, however, would be arbitrary, 7.e., artificial, since 
there is no ‘natural’ form into which the material fits. We 
feel that there is a ‘ natural’ order for some material, such as 
the animals and plants, but this feeling is probably induced by 
the objectivity and permanence of the material. Most if not 
all the schemes of classification are found at some time or other 
to be based on superficial resemblances. The classification of 
the departments or branches of physics under mechanics, heat, 
light, sound, magnetism, and electricity, which we have been 
for a long time accustomed to find in elementary texts, is an 
example of a scheme of classification which has been useful but 
which must be revised in the light of recent conceptions of the 
nature of matter. 


1 Joseph, An Introduction to Logic, p. 116. 
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It is customary to say that science aims at ‘ natural ’ classi- 
fication while practical life is content with the ‘ artificial’ 
variety. But the fact is that all classification is arbitrary or 
artificial, depending upon the purposes of the one making it, 
his knowledge, insight, and prepossessions. Nature, things, 
existences, events do not naturally divide into groups, but these 
groups are made by ourselves by the injection of a plan into 
unorganized material. The unorganized material is symbolized 
by terms; the plan or organizing principle is symbolized by a 
relation. 

[Another type of classification sometimes recognized is the 
diagnostic. Its purpose is to afford a means for the ready iden- 
tification of an object or for placing a given object or event in 
its proper category. ‘‘ Flowers may be classified according 
to color or time of appearance or habitat; or the main divisions 
may be made on one basis, as color, the first sub-division on 
another, as time of appearance, etc. The identification of 
ailments by the physician depends upon a classification of 
symptoms made upon this plan.”” The mechanic makes prac- 
tical use of the same plan of classification. For example, the 
‘knocks’ in the engine of an automobile are symptoms of 
certain disorders — a heavy, thudding ‘ knock’ which occurs 
when the car is pulling a grade, means one thing (to shift gears) ; 
a slight tapping ‘knock,’ that the valve tappets are loose; 
a dull, thumping ‘knock,’ that the connecting rod bearings 
are in need of adjustment, etc.] 

Every science aims to organize the subject matter with which 
it deals into a ‘system ’— that is, to formulate a scheme in 
which the facts of the science find a ready place in classes and 
sub-classes. In the beginnings of any science classification 
plays a leading réle, but as the science progresses formal classi- 
fication tends to disappear and the subject matter is shown to 
take the form of deductions from certain fundamental assump- 
tions. This is especially true in such well-established sciences 
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as physics and chemistry. The biological sciences may pos- 
sibly be dominated by the older idea of classification, although 
the evolutionary concept is tending to erase the hard lines of 
the older biologists. The terms employed suggest the machin- 
ery of the biologist for classifying his material: kingdom, group, 
sphere, class, family, tribe, genus, sub-division, species, variety, 
and last, the individual. One of the chief values of such a 
scheme of classification is that a careful observer may discover 
connections of a deeper and more fundamental nature from 
a consideration of the material and may be led to formulate 
a law or principle which gives a more rational interpretation 
of it. The basis of the resemblance is deepened in such a case. 

[Attempts have been made from time to time to classify the 
various sciences in some system which would indicate their 
mutual bearings and interdependencies. The “‘ Intellectual 
Globe ” of Francis Bacon (1561-1625), given in Figure IV more 
for the purpose of showing the general nature of such classi- 
fications rather than for its intrinsic value, is based on the 
division of the mind into the three functions of memory, imagi- 
nation, and reasoning. 

[The philosopher, Comte (1789-1857), classified all the sciences 
on the principle of increasing complexity. Each science is 
dependent on the truths of all those sciences which precede 
it, plus those truths which properly belong to it. Each science 
passes through three stages — the three through which the hu- 
man mind itself has passed — namely, the theological, which rep- 
resents the period of childhood; the metaphysical, in which 
nature is governed by a power, a force, or an essence, and which 
we may call the adolescent period in the development of thought ; 
and the positive, the search for invariable laws, and which rep- 
resents the maturity of thought. Arranged in order we have: 

I. Mathematics, the universal science and sole basis of all 
natural philosophy ; 
II. Astronomy ; 
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III. Physics ; 
IV. Chemistry ; 
V. Biology; 

VI. Social Physics or Sociology. 

[There are various subjects under each of the above general 
classes, each arranged in the order of complexity. Between 
physics and chemistry, for example, is electricity, the last of the 
subjects under physics proper, and a connecting link with 


chemistry. Under the last general class will fall our various * 


‘social sciences.’ 

[This classification has had a good deal of influence on scien- 
tific thought. We see today perhaps more clearly than did 
Comte the significance of mathematics in the various sciences.] 

Influence of the Evolutionary Notion on Classification. 
With the advent of the doctrine of evolution a new principle 
of classification was introduced. The older idea was that every- 
thing was created “after its kind”’; that species were fixed 
and immutable; that everything had its ‘natural’ place. 
Every living organism was the embodiment of a preéxisting 
form, every individual a ‘sample’ of a fixed pattern in which 
it ‘ participated.’ The evolutionary idea has been of signifi- 
cance in that it has weakened the idea of fixed and preéxisting 
forms. Species shade over into each other. Instead of classify- 
ing by any characteristic arbitrarily chosen, as did Linneus, 
who classified flowering plants according to the number of sta- 
mens, biologists now classify rather on the principle of commu- 
nity of descent. Structures are frequently found to be correlated, 
so that when one structure is present, the implication is that 
another correlated with it is also present. ‘‘ For example, it 
has been proved that the differences or resemblances of animals 
are correlated with corresponding differences or resemblances 
in the teeth. Hence, mammals, to a great extent, can be classi- 
fied according to the nature and disposition of the teeth. And so 
in many groups it is usually possible to discover empirically 
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some one or a few characters on which, by reason of their con- 
stant association with other characters, a natural classification 
can be based.” ! 

Rules of Division. For the organization of any given mate- 
rial the following rules are found to be useful. 

1. A division must be exhaustive. The constituent species 
must, when added, be equal to the genus. If, for example, the 
students of a university are divided according to church pref- 
‘erences, the numbers falling under the different headings must 
be equal to the number of students in the university. 

2. The species of the genus must not overlap. If we should 
divide mankind into whites, blacks, browns, yellows, and 
Americans, we have obviously violated this rule. 

3. There should be but one principle of division. The 
fundamentum divisions is the characteristic in respect to which 
the whole is differentiated. A failure to keep to one principle 
leads to the fallacy of cross division. The example in the second 
rule above also violates the rule of one principle of division. 
The principle is that of relationship as to color. We come 
to the class Americans which cannot be placed in the groups 
developed about the principle of color. 

In many cases it is extremely difficult to state the principle 
of division. An example is found in the old division of the 
subject matter of psychology into knowing, feeling, and willing. 


PROBLEMS 


1. What is the relation between division and classification ? 
2. What is the difference between division as a formal process and as a 


process of genuine analysis? 
3. Give an example of your own of dichotomous division. Why is 


1 Quoted by Jones, A. L., Logic, Inductive and Deductive, p. 35. 

Genus and species as used in logic should not be confused with the same terms 
in biology. In the latter these terms are not relative as they are in the former. 
As used in logic, a genus in one setting may be a species in another; but in biology 
Homo is always a genus. It happens, however, that it has but one species — homo 
sapiens — so that in this case genus and species are identical. 
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dichotomy not a successful method of scientific research? In what cases is 
division by dichotomy the only method possible? 

4. Give examples of the significance of the mean or middle ground in 
the development of thought. In practical life. 

5. Give examples of what would be called natural classifications. Of 
artificial. 

6. What is the fundamentum divisionis? Is it a term ora relation? 

7. Criticize the following divisions, 7.e., state the rules or principles 
violated, if any: 

(a) Pictures into paintings, posters, photographs, and pen sketches ; 

(6) Energy into potential and kinetic; 

(c) Religions into Christian, Mohammedan, and Pagan ; 

(d) Governmental functions into legislative, executive, and judicial ; 

(e) Political parties into democrats and republicans ; 

(f) Books into history, science, religion, government ; 

(g) Propositions into A, E, J, O; 

(hk) Compositions into narrative, expository, and descriptive ; 

(z) Plants into flowering and non-flowering ; 

(j) Churchmen into modernists and fundamentalists ; 

(k) Poetry into epic, lyric, and didactic; 

(1) Students of a university into athletes, good students, and plodders. 

8. Divide the following, stating the principle of division: schools, gov- 
ernments, facts of nature, the subject matter of physiology, sports, methods 
of transportation, students of a university, terms (as used in logic), relations 
(as used in logic), Christian religious faiths, bodies of water. 

9. What are the chief purposes of division and classification ? 

to. Let s be a square, and c a circle. Their logical sum is s+ c, and 

their logical product is sc. Let the area of s be 16 square inches and that of 
c five square inches. If, then, the area of s + c is 20 square inches, what is 
the area of sc? Again, if the area of sc is 2 square inches, what is the area 
of s+c? (Dotterer.) 
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CHAPTER VI 


DEFINITION 


The Nature of Definition. It will be recalled that terms were 
discussed from two standpoints, namely, connotation or inten- 
sion, and denotation or extension. These standpoints lead to 
definition and division respectively. Definition as a formal 
process consists in unfolding the intension or connotation of 
a term. How definitions are actually made is indeed one of 
the chief topics of systematic or scientific logic. To make a 
definition is to formulate a rule of procedure, and to do this 
involves the attacking of a difficulty with all the machinery, 
both mental and physical, at our command. 

To construct a definition one must be in a position similar 
to that of the frog in the fable — lost in a pail of milk and no 
immediate or obvious means of escape. Two courses are open 
in such a predicament — one, to give up in despair; the other, 
to attack the difficulty with such resources as we possess. If 
the former course is pursued, man becomes mystical and passive ; 
if the latter, he becomes scientific and aggressive. 

To formulate an adequate meaning — this may be said to be 
the business of thinking. Much of systematic inference is 
given over to this question. It will give body to such topics 
as we shall treat in scientific inference to keep constantly in 
mind the fact that the various types of method are instruments 
for the development, formulation, and organization of mean- 
ings. 

Definition has its formal aspects, its thought or product as- 
pects. The question we ask here is, Granted that a meaning has 
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actually been established, a definition made, what are the for- 
mal properties of it, what are the criteria by which we measure 
it? In this chapter we shall deal with this aspect of definition, 
leaving its larger and fuller aspects to be gleaned from the whole 
treatment of scientific logic. 

Kinds of Definition. Definition may be classed (a) according 
to what it is that is defined, and (6) according to the nature of 
the definition itself. From the standpoint of (a) we have real 
and verbal definitions; from that of (6) abstract and concrete 
definitions. 

A real definition displays the connotation of the things to be 
defined, while verbal definitions state the meaning of the word 
which symbolizes the things. A verbal definition states the 
sense in which a term is used. A real definition is a statement 
according to accepted rules of the nature of the object. 

Socrates was the first man to insist on clear definitions. Such 
terms as ‘ good,’ ‘just,’ ‘truth,’ were on the lips of many 
Greeks in the days of Socrates, as they are in our own; and 
Socrates saw that the essential to productive discussion lay in 
clear definitions. He sought the form of the object, its charac- 
teristics, by a dialectic process, a process of questioning, revis- 
ing in the light of the answers given, and finally reaching an 
agreement as to the meaning of the term under consideration.! 

A concrete definition is a definition by example, by pointing 
out acase. This, in fact, is not a definition, but its use is be- 
coming common in certain subjects, especially those dealing 
with the foundations of such sciences as mathematics and 
physics. The more abstract a term becomes the more difficult, 
of course, is it to state its connotation. What is two, for ex- 


1 The Socratic method is in spirit inductive. The essence of this method is to 
have a definition stated, then to compel the one who had stated it to admit as a fact 
something that contradicted the original definition. A revision and re-revision until 
no contradictions could be discovered constituted the true definition. It is in this 
manner that scientific progress occurs. An exception to a prevailing principle or law 
is discovered which makes necessary a revision of the principle or law, such as will 
make a place for the exception. 
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ample? Number is a very abstract method of attacking a 
problem and to define number is a difficult task. How should 
a definition of zero be stated? In some cases it is customary 
to take certain classes or terms as indefinable and merely dis- 
play them, 7.e., state or name them. From these as undefined, 
all the other portions of the subject are derived and are defined 
in terms of the indefinables. 

An abstract definition is easily given when the thing to be 
defined is relatively concrete, i.e., when the attributes are 
readily evident to the senses. Difficulty gradually increases 
as we pass from the concrete to the abstract and finally to the 
indefinables. 

It should be said that not everything can be defined. For if 
such were the case, all our definitions would be circular; but 
fortunately we are never called upon to define all the universe 
at once. The whole universe cannot be questioned at once — 
only small parts at a time, and these parts are always defined 
in the light of the parts that are not questioned. 

Rules of Definition To define a term is to discover the 
genus, 1.e., the class to which the thing symbolized by a term 
belongs; and the differentia which is the mark or marks that 
distinguish it from other members of the same class. Property 
and accident are also terms which have meaning in connection 
with definition. The five technical terms, stated by the older 
logicians, are known as the Heads of Predicables — ways by 
which a predicate may be affirmed of a subject. These are the 
Genus, Species, Differentia, Property, and Accident. An 
example shows their places and functions: ‘ Democracy 
(species) is a form of government (genus) in which the supreme 
power is vested in the people (differentia) ; it is attended with 
dangers due to dissipation of responsibility (property); it is 
regarded by many in the United States a proved success, and 
by others as still in the experimental stage (accident).” ! 

1 Hibben, J. G., Logic, p. 30. 
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A definition is said to be logical when it meets the following 
requirements : 

1. It should proceed by proximate genus and essential dif- 
ference. That is, the class to which the thing to be defined 
belongs should be stated together with its difference from the 
other members of the class. Man may be defined as an animal 
(genus) which reasons (differentia). Genus and species, it 
should be kept in mind, are relative, z.e., what is genus in one 
setting need not be genus in another. 

[It is obvious that this rule cannot be followed in all cases. 
If we grant that there is such a class as the highest class or the 
greatest genus or the summum genus, as it is often called, it 
cannot be defined according to the rules. It was this thought 
that prompted such men as Plotinus to deny the possibility of 
framing a definition of the Supreme Being. At the other ex- 
treme is the concrete individual. The unique characteristics 
of an individual cannot be stated in terms of a differentia. 
These characteristics are open only to direct observation. Such 
expressions as, ‘‘ you will have to see it to appreciate it — it is 
impossible to convey an idea of it by mere description,” illus- 
trate this difficulty. 

[Such terms as ‘time,’ ‘space,’ ‘function,’ ‘ relation,’ 
‘acceleration,’ and ‘ variable’ were treated by the older logi- 
cians as legitimate terms which were sui generis, i.e., ina class 
by themselves. They were indefinable — no proximate genus 
existed for them. The difficulty with those mentioned above 
is that they are not terms at all, but involve something else, 
namely, relations. The rules of definition were formulated to 
deal with terms, and, indeed, with terms conceived in a peculiar 
fashion — the fashion determined by the nature of reality in 
the philosophy of Aristotle. He thought that every individual, 
as the olive tree and the lion, embodied a definite form. This 
form was to be discovered by observation of numerous par- 
ticular cases. This idea of definite forms made it impossible 
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for physics, for example, to explain the relationship between 
different ‘ forms ’ of bodies, such as water, ice, and steam. The 
molecular theory of matter and the evolutionary hypothesis 
in biology, the chief instruments of modern science, are in op- 
position to the Aristotelian conception of ‘ forms.’] 

2. The definition and the thing to be defined should be 
equivalent. Stated in relational terms, there should be a one- 
one correspondence between the thing defined and the defi- 
nition. Sometimes this rule is stated more loosely as requiring 
that the definition should not be too broad nor too narrow. 
One is too broad when more is included in the definition than 
is intended, as ‘ pain is an elemental state of consciousness ’; 
one is too narrow when elements of the thing to be defined 
do not find a place in the definition, as ‘man is a featherless 
biped.’ 

3. Obscure, hazy, and figurative language should not find 
a place in a definition. It should be stated in terms simpler, 
if possible, than the thing to be defined. Dr. Johnson’s famous 
definition of ‘ net’ illustrates this difficulty — ‘‘a reticulated 
texture with large interstices.”” It is common to search our 
dictionaries for the meaning of the definition, often finding the 
original term used in defining the definition. 

4. Definitions should be made in positive terms when pos- 
sible. The difficulty in defining negatively is obvious. To 
tell what a thing is not involves too long a process since there 
are so many things that the thing is not. To define negatively 
has value when the field is very limited, and then negation 
functions rather as a means of identification of an object than 
as a means of definition. 

5. A definition should not contain the terms to be defined or 
a synonym of it. A violation of this rule leads to the fallacy of 
defining in a circle. The philosopher Hume gives an excellent 
example of this in his discussion on causation: “I begin with 
observing that the terms efficacy, agency, power, force, energy, 
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necessity, connection, and productive energy are all nearly synony- 
mous and therefore it is an absurdity to employ any one of 
them in defining, the rest.” 

The Need of Definition. The chief purpose of definition is 
the removal of ambiguity. Terms, such as law, right, duty, 
justice, truth —in fact, almost all abstract terms are capable 
of misinterpretation which opens the way to faulty conclusions. 
“The existence of a power (above nature) is even implied in 
the phrase ‘laws of nature,’ constantly used by science; for 
wherever there is a law there is a law giver, and the law giver 
must be presumed capable of suspending the operation of law.”’! 
The ambiguity here lies in the terms ‘law’ and ‘ lawgiver.’ 
Dante, in de Monarchia, reasons that since there is one common 
end for all humanity in so far as all are men, and since one end 
implies one rule, hence one rule implies one ruler. In such ex- 
pressions as ‘‘ we should live according to nature,” “‘ man has 
a natural right to life, liberty, and happiness,” ‘“‘ make the world 
safe for democracy,” ambiguities lurk which make it possible 
for the lion and the lamb to lie down together. 

Philosophers have often pointed out the dangers in the way 
of words — the abuse and misuse of them. A classical state- 
ment is that of Locke, the English philosopher (1632-1704). 
“For he that shall well consider the errors and obscurity, the 
mistakes and confusion, that are spread in the world by an ill 
use of words, will find some reason to doubt whether language, 
as it has been employed, has contributed more to the improve- 
ment or hindrance of knowledge amongst mankind. How 
many are there, that, when they would think on things, fix 
their thoughts only on words, especially when they would 
apply their minds to moral matters; and who, then, can won- 
der if the result of such contemplations and reasonings about 
little more than sounds, whilst the ideas they annex to them 
are very confused and very unsteady, or perhaps none at all; 

1 Quoted by Bode, Am Outline of Logic, p. 26. 
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who can wonder, I say, that such thoughts and reasonings end 
in nothing but obscurity and mistake, without any clear judg- 
ment or knowledge? : 

“This inconvenience in an ill use of words men suffer in their 
own private meditations; but much more manifest are the 
discords which follow from it in conversation, discourse, and 
arguments with others. For language being the great conduit 
whereby men convey their discoveries, reasonings, and knowl- 
edge, from one to another; he that makes ill use of it, though 
he does not corrupt the fountains of knowledge, which are 
things in themselves, yet he does, as much as in him lies, break 
or stop the pipes whereby it is distributed to the public use and 
advantage of mankind.”’! 

Common speech has become so open to ambiguity that those 
who wish to do rigorous thinking invent a language of their 
own in which the terms and relations which they employ are 
stated most carefully, defined when possible, at least concretely, 
and used throughout in the sense of the definitions. While 
such a procedure is stilted and formal the results for accuracy 
are satisfactory and the formal aspects of thought extremely 
clear. Such apparently simple words as ‘is’ and ‘all’ are 
found to be extremely ambiguous, and such a set of symbols 
as we have mentioned aims to correct these ambiguities so the 
proper relationships and meanings can be determined. The 
chief reason for the extreme accuracy and rigor of mathematical 
reasoning is to be found in clear-cut definitions and unambiguous 


terms. 
PROBLEMS 


1. What is the difference between constructing a definition and giving 
the formal properties of one already constructed ? 
2. What is meant by a ‘concrete’ definition? Give a few cases in which 
this is the only type of definition possible. 
3. Describe a situation in which you have formed the meaning of a 
thing. 
1 Essay Concerning Human Understanding, Bk. III, Ch. XI. 
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4. What is the significance of the exception in the Socratic dialectic? 
For scientific development? Find an example from the history of one of 
the sciences which illustrates the value of the exception. Interpret the old 
maxim, ‘“‘The exception proves the rule,” in the light of your answer to this 
question. 

5. Select five of the more fundamental terms from each of the following 
fields: education, economics, government, sociology. Do any of these 
seem ambiguous? Test the definitions given by the various authors by the 
rules for a valid definition. 

6. Give examples of real definitions. Of verbal definitions. 

7. What would you say are the chief purposes of definition ? 

8. Criticize the following definitions : 

(a) Religion consists in the feeling of absolute dependence (Schleier- 
macher) ; 

(b) Religion, in its lowest terms, is the belief in spiritual beings 
(Tylor) ; 

(c) Religion is the knowledge possessed by the finite mind of its nature 
as absolute mind (Hegel) ; 

(d) Religion is a knowledge of our duties as divine commands (Kant) ; 

(e) Religion is an experience of groups of individuals resulting from 
their collective and codperative efforts to secure and preserve the ideals 
which appeal to them as possessing the greatest value (Ames) ; 

(f) Faith is a vital working interest in anything (Ames) ; 

(g) Wealth means those material objects which are necessary, useful, 
or agreeable (Malthus) ; 

(h) Wealth means that portion of the results of land and labor which is 
capable of being accumulated (Adam Smith) ; 

(t) Capital is that part of the wealth of a country which is employed 
in production (Ricardo) ; 

(j) Mathematics is the science of quantity ; 

(k) Psychology is the science of the soul; 

(1) Four is two times two; 

(m) Education is the personal orientation of the individual towards the 
ultimate meaning and value of reality (Leighton) ; 

(n) Tin is a metal lighter than gold; 

(0) A gentleman is a man who has no visible means of support; 

(p) Man is a vertebrate animal ; 

(g) A moral man is one who does not lie or steal or live intemperately ; 

(r) Oats is a grain which in England is generally given to horses, but in 
Scotland supports the people ; 
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(s) A liberal education is a training in good fellowship and social 
service. 

9. Write four definitions of ‘a good student’: first, from the standpoint 
of a freshman; second, from that of an instructor; third, from that of the 
president of the institution; fourth, from that of a loyal alumnus of the 
institution. Does every definition depend upon the point of view? 

to. Formulate two senses in which ‘why’ may be used. Two for ‘ all.’ 

11. Define each of the following by proximate genus and essential dif- 
ference: justice, virtue, rent, one, zero, evolution, education, college activ- 
ity, a university holiday. 

12. Define the following terms by genus and differentia. Name the 
most important properties of each. State attributes which you believe to 
be accidents, but which are sometimes taken to be properties. (The pur- 
pose may be assumed to be to get a freshman to understand the college.) 

(a) Amateur athletics (c) College spirit 
(b) Student activity (d) National spirit 

13. What is the difference, if any, between a dollar and the definition of 
a dollar? Any ambiguity in this question? 

14. What reasons could you suggest for the fact that legal documents 
are so full of such expressions as, ‘the said so and so,’ ‘to wit,’ ‘the same,’ 
‘viz.,’ and the like? 

15. What are the difficulties in defining a term negatively? Try to 
formulate a case in which the difficulties are overcome. 

16. Examine the following, and point out all of the characteristics which 
differentiate man from the anthropoid apes. ‘‘When we consider the affin- 
ities between Man and the Anthropoid Apes — in structure, function, and 
development, — we recognize that Man is solidary with the rest of creation. 
This is confirmed when we study what is already known of Man’s pedigree 
and of the tentative men who diverged from the main line. 

“What of Man’s apartness? Wecannot make very much of the anatomi- 
cal differences except the big brain, for there is nothing very momentous in 
the characteristic features of Man’s chin and heel, teeth and great toe. In 
point of fact, not all types of man have a prominent chin, not all have a 
perfectly erect attitude. 

“‘ But when we turn to the brain, it is dinevene For no normal man has 
less than twice the cranial capacity of the orang or chimpanzee, and the 
average human brain weighs more than twice the heaviest gorilla brain. 
Most of this great increase is in the part that counts for most, being the seat 
of the higher mental activities, namely, the cortex of the cerebral hemi- 
spheres with its multitudinous convolutions. 
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“This fine cerebral cortex, with its 9,200,000,000 nerve-cells, is the proto- 
plasmic correlate of man’s true insignia — his capacity for working with 
general ideas, for language, for strong social sympathies, and for self-con- 
sciousness of himself, as a personality with a history. 

“Many an animal has a fine brain, but none comes near man’s. Many 
animals show intelligence (the power of perceptual inference), but we do not 
know of any that can be credited with reason (the power of conceptual infer- 
ence). Many animals have words, but there is never more than a hint of 
language — the power of expressing a judgment. Many animals are kindly, 
self-subordinating, and social, but we cannot credit them with ‘thinking 
the ought,’ with holding up before themselves an ethical and social ideal. 
These are Man’s prerogatives. 

“On the other side there is the sad fact that no wild animal is ever so cruel, 
so lascivious, so selfish, so perverted, so unhealthy as Man sometimes is.” 
(Thomson, J. A., What is Man?, pp. 34-5.) 
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CHAPTER VII 


RELATIONAL PROCESSES 


WE have discussed the ordinary processes connected with 
terms, and have stated the principles involved inthem. Wecome 
now to a treatment of the processes connected with relations. 
Since relations do not admit of definition, we are unable to deal 
with them in this respect as we did with terms. Nor does the 
traditional operation of division apply to relations except as the 
latter are treated, not as relating which is the real business of a 
relation, but as things in their own right and name. When so 
considered, the rules and principles of term division may be ap- 
plied to them. 

We are here interested in some of the ordinary mathematical 
operations to which relations yield. These, as traditional defini- 
tion and division, are formal operations or processes, 7.e., they 
are operations on the elements of thought conceived as elements 
and not in their réle as instruments for the solution of a problem. 
After knowledge is achieved we are able to state the formal prop- 
erties of relational processes as we are to state the formal aspects 
of division and definition. But to formulate, to fashion, to 
achieve, this knowledge, this body that is the sime qua non of 
formal operations, is the task of thinking. To achieve a relational 
product, for example, is different from an analysis of this product 
once it is achieved. What we wish to do here is to analyze the 
product and to state some of the properties of it. As we pointed 
out in the discussion of definition and division, to formulate a 
definition and to accomplish a division constitute the bulk of 
scientific logic. To do these things is to introduce a relation 
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into material that is as yet unorganized, 7.e., material that is 
problematic. But in a way similar to that by which we may 
isolate a term, examine it as we examine a fossil or an equation, 
we may remove a relation which we use as an instrument of or- 
ganization, and observe it, operate on it, state its properties, and 
develop its characteristics. This, again, is the thought or prod- 
uct aspect of logic. In a similar manner may we view arith- 
metic or other departments of mathematics. At first arith- 
metic is a practical device for dealing with things quantitatively. 
But we may become interested not in things to be counted but 
in the machinery which is used in counting. We may operate 
on this machinery — we may add, subtract, multiply, divide, 
carry on operations of involution and evolution, and the like. 
That is, the machine itself becomes the subject of operations on 
itself. So with terms, relations, and propositions. First they 
are instruments, like numbers, for dealing with practical, con- 
crete problems. Next they become the objects of investigation 
themselves, and as such yield to various operations or processes. 
Those on terms lead to definition and division (and to types of 
mathematical operations which we do not consider); those on 
relations, to sums, products, transformations, and the like; 
those on propositions, to the various forms of immediate and 
mediate inference. 

Kinds of Relational Processes. Of the various kinds of pro- 
cesses or operations on relations, we shall deal with the following : 
(1) The Logical Sum of Relations, (2) The Logical Product of 
Relations, (3) The Relative Sum of Relations, (4) The Rela- 
tive Product of Relations, (5) Transformations in Relations, 
(6) Processes directed towards the construction of Similarity 
between Relations. 

(1) The logical sum of two relations, symbolized as in elemen- 
tary mathematics by the sign +, is expressed in the following: to 
assert that the relations R and S hold between any two terms 
x and y, is to assert that one or the other holds between « and y. 
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If the relations are friend of and supporter of, then the logical 
sum is thus expressed: xis a friend of y or x is a supporter 
of y. 

(2) The logical product is exemplified in the following: x is a 
friend of y and x is a supporter of y. Both relations hold. 
This is called the simultaneous affirmation of x and y. 

(3) The relative sum is the relation that obtains between x 
and z when « has the relation R to y, an intermediate term, or y 
has the relation S to z If R stands for friend of and S for 
supporter of, our question is, ‘ What is the relation that obtains 
between x and z when « is either a friend of y or y is a supporter 
of z?’ The answer that x is a friend of any non-supporter of 
is the relative sum. 

Relative sums have not generally received specific names, i.e., 
relational terms have not been devised. This is one reason for 
the difficulty in dealing with them. 

(4) Relative products which result from relative multiplication 
are more easily grasped due to the fact that there are many 
specific terms for these products. Many relative terms result 
from relative multiplication, but usually we do not take the time 
to inquire into the elements which produce them. We may 
express the relative product in the following manner: if there 
are two relations R and S, and three terms x, y, and z, such that 
R obtains between x and y, and S between y and z, then a re- 
lation obtains between x and 2z, which is called the relative prod- 
uct of Rand S. When this product cannot be expressed by a 
term, the preposition of is employed.! 

We shall state here some results of logical and relative addition 
and multiplication as applied to symmetrical and asymmetrical 
relations. 

The logical sum of a dyadic? symmetrical relation, as found in 


1 These operations are dealt with in more detail in the treatment of inference in 


relational propositions, Ch. IX. 
2 A dyadic relation is one which involves but two terms. 
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‘ ais a cousin of b, and a is similar to ,’ is ‘ a is a cousin of 6 or 
a is similar to 0.’? 

Logical products in dyadic symmetrical and asymmetrical 
relations respectively would be: ‘a is a cousin of b and a is 
similar to b’ — both relations hold; in the latter, ‘a is greater 
than 6 and a is north of 6’ — both relations hold. 

If we take logical sums when one relation is symmetrical and 
the other asymmetrical, as in ‘a is a neighbor of 6 and @ is a 
patient of 5,’ the result is ‘ a is either a neighbor or a patient of 
b.’ Logical products, when the relations differ, as in ‘a is a 
neighbor of 6 and ais a patient of ,’ result in ‘ a is both a neigh- 
bor and a patient of 8.’ 

Relative sums in symmetrical and asymmetrical relations are 
expressed as follows: (symmetrical), ‘a is a cousin of 6 or 6 is 
similar to c,’ results in, ‘a is a cousin to all who are not similar 
to c’; (asymmetrical), ‘« is larger than y or x is taller than 2,’ 
results in, ‘x is larger than anyone who is not taller than 2’; 
(when one relation is symmetrical and the other asymmetrical), 
‘a is a neighbor of 0 or 0 is a patient of c,’ becomes ‘a 
is a neighbor of all non-patients of c.’ 

The relative products of symmetrical and asymmetrical re- 
lations are illustrated in the following: (when the relations are 
symmetrical and identical), as in ‘a is similar to 6 and 8 is 
similar to c,’ the relative product is ‘a is similar to c.’ This re- 
lation is also transitive. It is the symmetrical transitive re- 
lations that lie at the base of class propositions and the resultant 
syllogistic logic. Asymmetrical-transitive relations are funda- 
mental! in the logic of series, order, function, etc., 7.e., in the so- 
called non-syllogistic logic. When the relations are symmetrical 
and not identical, we have the following: ‘a is the cousin of } 
and 6 is a colleague of c,’ the relative product of which is ‘ ais a 
cousin of a colleague of c.? When the relations are asymmetrical 


1 All these examples are very simple. They are offered primarily for the purpose 
of creating familiarity with relations and the terminology connected with them. 
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and identical as in ‘ @ is the father of 6 and 0 is the father of c,’ 
the relative product is ‘ @ is the father of the father of c,’ ie., 
‘a is the grandfather of c’ —a case in which the relation has a 
specific term, known as a relative term. When the relations are 
asymmetrical and not identical, as in ‘ @ is the ancestor of b and 
6 is the master of c,’ the relative product is expressed, ‘a is the 
ancestor of the master of 6’ —a relation that is not expressed 
by a definite term, but by the use of the preposition of. 

(5) Transformations in relations might, indeed, be used to 
designate all the processes or operations on relations, but the 
sense in which we employ the term will become evident as we 
proceed. 

Let us form some idea of the meaning of transformation before 
we consider it in connection with relations. Something given 
develops into something else — this is a fact of common observa- 
tion. ‘“‘ Transformation has its root in the power we have, when 
given any two objects of thought, to associate either of them with 
the other. If a and a’ be two such objects, we can, in thought, 
associate: (1) a@and a’ ; or, conversely, (2) a’ with a; or (3) each 
with the other. If we do (1), we say we have transformed (or 
converted) a into a’, and that a’ is the transform of a; if we do 
(2), we transform a’ into a, which is then the transform of a’; 
if we do (3), we transform each into the other and each is the 
other’s transform.” ! 

More concretely, we may transform the cattle in a pasture 
into the series of natural positive integers, or into the legal 
tender of the realm; we may transform the words in a diction- 
ary into a body of meanings; or the city directory into concrete 
inhabitants of the city. So thinking may be conceived as a 
process of transformation, namely, that of converting given 
problematic material over into certain, definite, and recognized 
meanings. Likewise any creative process (and, in fact, any 
process) is a transformation of something into something else — 

1 Keyser, C. J., Mathematical Philosophy, p. 156. 
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the artist transforms raw material into a concrete embodiment 
of his idea; the living human body transforms food into energy ; 
even a machine transforms fuel into power which is dissipated in 
friction and motion (work); the plant transforms the sun’s light 
into life-giving properties — such examples indicate concretely 
the meaning and suggest the importance of the idea of trans- 
formation. It is through transformations in relations that we 
get change into logic. 

Viewed in this broad sense all operations and processes con- 
nected with relations as well as with terms, are various chapters 
in the inclusive concept of transformation.!. The forms of in- 
ference, both in syllogistic and in non-syllogistic logic, division, 
classification, definition, relational multiplication, relational 
converses, and the like — all these can be viewed from the van- 
tage point of transformation. However, we wish to employ the 
term to denote those operations by which we derive a relation 
from another relation given in ‘rudimentary’ form. For ex- 
ample, the roots of ‘ husband of ’ and ‘ wife of ’ are lodged in the 
more fundamental (in the sense of more general) relation ‘ spouse 
of.’ Given ‘spouse of,’ how may we derive ‘ husband of’? 
‘Spouse of’ is a symmetrical relation. It is obvious that if a 
is the spouse of 6, that 5 is the spouse of a. Suppose we define 
‘husband ’ as ‘ the spouse of a woman,’ then the domain of the 
relation ‘ husband of ’ would be all husbands, and the converse 
domain, all wives. Husband may be derived from spouse by 
limiting the domain to men or by limiting the converse domain 
towomen. In this example we have developed two asymmetri- 
cal relations from one symmetrical relation — i.e., @ is the hus- 
band of 6 and 6 is the wife of a. This is possible only in those 
cases in which the terms belong to mutually exclusive classes. 
Thus it is always possible to develop two asymmetrical relations 


; ‘More complicated forms of transformation which are given specific names are 
discussed in connection with inference in relational propositions and in non-syllo- 
gistic arguments, Chs. [IX and XIV. 
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out of one symmetrical relation when the classes a and 0 are 
mutually exclusive, by limiting the domain of the relation to one 
class and the converse domain to the other. 

But in cases in which the terms having the relation overlap — 
cases in which the domain and converse domain have members 
in common,— it is not possible to derive relations as we have 
above. For example, if a is the father of 6, b cannot be the father 
of a, but 6 may be the father of c — i.e., b is in the class ‘ fathers 
of ’—he is in the domain as well as in the converse domain. 
This is true of all series— all the terms except the first and the last 
belong to both the domain and its converse. For example, a is 
the father of 6, b of c, c of d, d of e; ais in the domain but not 
in the converse, and ¢ is in the converse but not in the domain. 

We may obtain a symmetrical relation by adding the relation 
and its converse, as in this case, a is the father of b, by resolving 
the class ‘ fathers’ and the class ‘ children,’ the domain and the 
converse respectively, into ‘same blood as,’ or some similar 
relation. But if we take the relation ‘ same blood as,’ we cannot 
resolve it into two asymmetrical relations, as we did ‘ spouse of,’ 
since the classes are not exclusive. 

[For the purpose of indicating the bearing of the above on 
logic it is only necessary to point out that symmetrical relations 
are the kind that give origin to the logic of classes, the logic of 
subject-copula-predicate, traditional logic as expressed in Aris- 
totle and the medieval philosophers. Symmetrical transitive 
relations may be reduced to the form of propositions in which a 
predicate is asserted of a subject. But this is not the case in 
asymmetrical transitive relations. This means simply that all 
reasoning cannot be stated in the forms of propositions delivered 
by the earlier logicians, and that if we wish a logic capable of 
expressing all the niceties of science, we must look further.] 

Let us next consider the transformation of a given relation 
into a one-many relation. We have already defined one-many 
relations as “ relations such that, if « has the relation in question 
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to y, there is no other term x’ which also has the relation to y.” 
If x is the father of y, then no other term «’ can stand in the same 
relation to y. Any given relation may be transformed into a 
one-many relation. Suppose we take an asymmetrical relation 
— ‘father of,’ in ‘e is the father of f.’ If we regard all the 
fathers (in the same line of descent) of children prior to e as 
ancestors of e, there will be not just one person having the re- 
lation ‘ ancestor of ’ to e but a class of persons. This class as 
related to e is unique — there is no other class that shares this 
peculiar relation to e. If we take any other term in the series, 
say, g, then g determines a class of persons, ‘ those who are 
ancestors of g.’ Instead of the relation ‘father of’ we may 
substitute ‘ ancestor of ’ (in the same line of descent) in which 
e (or any selected term) stands in one-many relation. By con- 
sidering whatever precedes something else, or succeeds it, or is 
greater than, north of, etc., as a class which is defined precisely 
by the fact that it does have the unique relation to something, 
we are able to reduce the given relation to the class of one-many 
(or one-one which is a sub-class) relations. 

The same is true of symmetrical relations. If a@ is similar to 
b, then the class a, which is unique in that it is defined by the 
relation ‘similar to 6,’ stands in many-one (or one-many) re- 
lation to 6. Suppose, to make the example concrete, that a is 
the cousin of b. ‘Cousin of’ is symmetrical. The field of the 
relation is all who have the relationship. With respect to b (or a) 
as an individual the class of persons who sustain this relationship 
is determined, and 6 stands in one-many relation to this class. 

[It may be well at this point to indicate some of the values 
to science of transformations of the kind we have just discussed, 
and especially to show the significance, for accurate description 
of scientific results, of one-many relations. A relational vocabu- 
lary makes for a minute description of the facts determined by 
experimental science and by practical experience, and makes for 
a closer articulation between the conclusions reached by the 
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various sciences. We may express this by saying that terms and 
relations are the grammar, the proposition (or propositional 
function) the syntax, and that the business of experimental 
science and practical experience is to furnish the vocabulary 
which gives content to our grammar and sentence forms. ] 

It should be pointed out here that practical experience and 
experimental science are not in general concerned with the prob- 
lem of relations as we are here dealing with them. We are here 
concerned with them as elements in thought. Relations, as 
will be seen as we proceed, are instruments of intellectual analysis 
rather than of experimental analysis. As thought elements they 
represent the ‘ lowest terms ’ in which we may state the results 
of thinking. They do not represent the laboratory machinery 
used by a scientist in solving his problem, but are rather intellec- 
tual machinery by which the results of the scientist’s thinking 
may be reduced to more fundamental categories.! 


1“Tet us picture an analytic logician meeting a physical scientist at a moment 
when the latter is distressed over the unmanageable complexity of hiselements. Will 
the logician say to the scientist: ‘Your difficulty is that you are trusting too much 
to your mundane apparatus. The kingdom of truth cometh not with such things. 
Forsake your microscopes, test tubes, refractors, resonators, and follow me, and you 
shall behold the truly simple elements of which you have dreamed’? And when the 
moment of revelation arrives and the expectant scientist is solemnly told that the 
‘simple elements’ which he has sought so long are terms and propositions, sense data 
and universals, is it not surprising that he does not seem impressed? Will he not 
ask: ‘What am I to do with these in the specific difficulties of my laboratory?’ 
Shall I say to the crude and complex elements of my laboratory operations: ‘Be 
ye resolved into terms and propositions, sense data and universals’; and will they 
forthwith obey this incantation and fall apart so that I may locate and remove the 
hidden source of my difficulty? Are you not mocking me and deceiving yourself 
with the old ontological argument? Your ‘simple’ elements — are they anything 
but the hypostatized process by which elements may be found?’” Creative Intelli- 
gence, Dewey and Others, p. 111. This quotation is from the essay of Professor 
A. W. Moore. By considering terms and relations, not as instruments of experi- 
mental analysis, but of intellectual analysis by which the conclusions of experimental 
inquiry are further analyzed, we avoid the above criticisms. By further analyzing 
intellectually we may determine relations, and develop conclusions that were not at 
all obvious or even suspected in the original problem. Such an intellectual develop- 
ment makes possible a problem to be solved experimentally by the scientist. A con- 
clusion is deduced from our propositions that such and such must be the case, if our 
original propositions are true. ‘The experimental scientist goes out in search of this 
thing that must be true. He may find it as the astronomers found the planet Nep- 
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As an example of the importance of transformation as this 
connects with one-many relations (actually one-one in this case) 
we may cite analytic geometry. Let us examine this briefly. 
Plane analytic geometry grows out of the transformation of the 
class of points in a plane into the class of real number pairs. 
Plane analytic geometry does not use transformation as a sub- 
topic, but it zs transformation, i.e., it owes its origin to trans- 
formation. ‘To envisage the matter in a large way, conceive 
two immense canvasses suspended parallel to each other, each of 
them bisecting the universe of space. Imagine yourself com- 
fortably seated between them; fancy that on the face of one of 
them are marked and drawn the points of a plane, its point loci, 
— curves and sets thereof limitless in number and variety, — and 
that on the face of the other canvas are recorded the real number 
pairs, pair systems — (x, y) — equations and sets thereof, more 
numerous than the sands of the sea; choose a unit of length and 
in the former face a pair of axes. What happens? You behold 
the phenomena on either sheet transformed into those of the 
other — and this infinitely multitudinous transformation is the 
method of plane analytic geometry. The like is true of analytic 
geometry of three or more dimensions. You see that instead 
of transformation being a chapter in analytic geometry, the latter 
is itself only a huge chapter in the infinitely more embracing 
theory of Transformation.”! There is seen to be a one-one 
relationship between the points, etc., on one canvas and the 
number pairs on the other. This relationship is plane analytic 
geometry.” 


tune which had to be there to account for the behavior of Uranus; or as scientists 
discovered that light actually does bend towards the sun in passing it — a conclusion 
reached by deductions from certain hypotheses as to the nature of light. As we 
pointed out in our first chapter — either thinking or thought, taken as fundamental 
leads to one-sided conceptions. Z 
1 Keyser, C. J., ibid., p. 163. 

a The relational account of motion is instructive in connection with transforma- 
tions into one-many relations. It may be conceived as a one-one correspondence 
between points of space and the instants of time. 
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We may conclude the discussion of transformations of relations 
with the suggestion that it is because of transformations that we 
may finally show connections between the various parts of our 
world. We are able, for example, to reduce physics to mathe- 
matics, and mathematics to logical principles. Throughout the 
various regions of experience we are able to show continuity and 
correlation by the fact that one region may be transformed into 
another, and another into another, and so on. Formally, the 
sciences, when arranged in the order of their abstractness, may 
be transformed, each into the one immediately preceding it, 
until finally we reach the principles of logic which must be 
assumed, 7.e., not proved or further reduced. The various 
sciences and practical interests of man seem, from one point of 
view, to be but elaborate transformations of the principles of 
logic. We just stated that the principles of logic are not proved 
but are assumed. They are, however, proved in a sense — they 
are proved by the fact that they give a ready account of all the 
facts which make up the subject of logic. Our most fundamental 
assumptions or hypotheses are always proved in this way — that 
by assuming them and operating on these assumptions we are 
able to account for, 7.e., give rational and reasonable account of, 
the various facts which stand as the subject matter in that field 
of investigation. It is in this way that the axioms of mathe- 
matics are true, or the evolutionary hypothesis, or the doctrine 
of relativity, or Copernican astronomy, or the planetesimal 
hypothesis, or the germ theory of disease. 

(6) The last of the processes on relations to be considered 
by us concerns similarity between relations. This is a process 
analogous to processes on terms. We defined and classified 
terms. To carry out the former we found it necessary to place 
the term in its proximate genus; to accomplish the latter, to 
introduce a principle which determined that like things be placed 
in their appropriate categories. Division and definition as ap- 
plied to terms are fundamentally processes of getting like things 
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in their appropriate categories.' Analogous to these processes 
on terms is that of determining when one relation is like or 
similar to another. 

The importance of the idea of similarity between relations 
becomes apparent the moment we consider seriously the closing 
paragraph of the discussion on transformation. The various 
sciences or systems of order must be /ike each other in some re- 
spects or we could not transform one into the other. The two 
strips of canvas, used in the example of transformations giving 
origin to plane analytic geometry, must be alike in some definite, 
assignable respects; and so must the geometry of Euclid and 
those of other dimensions, for, for every axiom or postulate in 
Euclid, a like one must be made for the other geometries; and 
if any difficulty is found in Euclid, it will be found correspond- 
ingly in the other geometries. 

As will be shown more precisely when we come to scientific 
method, a thing is explained when it is like something we already 
know. We explain heat, for example, in terms of the motion of 
bodies, or a speck in the sky asa planet. That one thing is like 
another is fundamental in understanding the world. The chief 
defect of medieval science lay in the fact that things were con- 
ceived as mot alike — each thing had a peculiar property which 
made it precisely what it happened to be. A hot body, for ex- 
ample, had more ‘ caloric ’ than a cold one; a vacuum was some- 
thing that nature ‘ abhorred,’ and the like. But modern science 
has succeeded precisely because it has seen fit to operate on the 
other alternative, namely, that things are alike. Throughout 
the multitudes of differences between things and events there 
runs a principle which, like the string in the beads, threads these 
differences into some kind of unity. The differences, of course, 
are not rendered /ess because of the fact that a principle of like- 


1 Traditional logic seems to have no criterion of likeness or similarity between 
classes. Scientific logic makes use of similarity as it functions in analogy, the source 
of the hypothesis. The similarity there, however, concerns events and not classes 
For methods of measuring resemblance, see Hypothesis, Ch. XIX. 
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ness runs through them — no explanation is valid which attempts 
to explain away our facts, the very things that started the ex- 
planations. On the other hand, the explanation is something 
added to the facts. 

Our question is, ‘ When isa relation like another?” We shall 
attempt to give a very simple statement of how likeness between 
relations is established — of what we must be able to do with 
two relations to have certainty that they are alike. A map and 
the country it represents are alike. A point that is north of 6 
on the country is correspondingly above } on the map; a point 
e that is east of f is to the right of fon the map, andsoon. For 
every point on the country there is a corresponding one on the 
map — they are in one-one correspondence. But things so re- 
lated are similar, and what we wish is not a statement of similar- 
ity between things, but of the relation between things. Let us 
keep to our example of the country and the map of it, since this, 
after all, exemplifies similarity of relations. Let us seek a 
statement from this example. 

Suppose that on the country we have two places x and y, such 
that «is west of y. Weshall call this relation R. Then suppose 
that on the map we have two points x’ and y’, such that x’ is to 
the left of y’. Let us call this relation R’. Now we can arrange 
all the points (places) on the country both west of y and east of 
y so that they are in one-one relation to all the points on the map 
that are left of y’ and right of y’. Let us call all the points 
(places) both west of y and east of y, F or the field of R. Then 
we may call all the points on the map that are left of y’ and right 
of y’, F’ or the field of R’. When we are able to arrange points 
on the country so that any relation that holds between them 
holds also between the correlates (the points on the map), we 
have relations that are similar. 

A statement in terms of the symbols used in the example may 
make this clearer. R and R’ are the two relations. F and F’ 
are their respective fields. When we arrange the fields so that 
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any two terms in F have the relation R, and their correlates in 
F’ have the relation R’, we have similar relations, i.e., R and R’ 


are similar. 
PROBLEMS 


1. State the logical sum and the logical product of each of the following 
relations: teacher of and comrade of, friend of and patron of, employer of 
and friend of. 

2. Use the same relations as in #1 and state the relative sum and the 
relative product of each. 

3. Suppose you have given two relations as follows: (a) both symme- 
trical, (b) both asymmetrical, (c) one symmetrical and the other asymmet- 
rical. State the relative product in each case. 

4. Give an original example of transformation from each of the follow- 
ing fields: industry, politics, athletics, the experience of ‘going through 
college,’ agriculture, medicine. 

5. When is it possible to develop two asymmetrical relations from one 
symmetrical relation? Give an example of this, 7.e., show how it is done. 

6. Take the relation ‘greater than’ and transform it into a one-many 
relation (or one-one as the case may be). Do the same for ‘brother of.’ 

7. Suppose you were asked to state more precisely what you mean by 
saying that something is /ike something else. Could you be more definite? 
If so, how would you express it? If not, why not? 

8. What is the chief difference between the medieval scientist and the 
modern with reference to the relation of likeness? How did the medieval 
thinker conceive of things? The modern? 

g. Precisely what is it that must be shown in order to show that two 
relations are similar? Try to find another example (in addition to the one 
of the map) to illustrate the idea of similarity in relations. 


1The following diagram taken from Russell, B., Introduction to Mathematical 
Philosophy, The Macmillan Company, 1920, p. 54, illustrates this problem. Let 
x and y be two terms having the relation P. Then there are to be two terms z, w 
such that x has the relation S to z, y has the relation S to w, and g has the relation 0 
tow. It is out of the idea of similarity of relations that the ‘relation number’ is 
determined, and relational (ordinal) arithmetic developed. 
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to. It will be recalled that we discussed relative terms. Such terms are 
sometimes the relative product, sometimes the domain, etc., of various re- 
lations. Take the following relative terms and furnish a statement of the 
relations of which they are terms, and if possible, the operations which 
yield them. (For example, grandfather is the relative product of father of 
and father of.) 

(a) governor of, 

(6) ‘friend of any non-supporter of,’ 

(c) teacher of, 

(d) uncle of, 

(e) great uncle of, 

(f) ‘employer of a friend of,’ 

(g) ‘the least common denominator of.’ 
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CHAPTER VIII 


INFERENCE 


Tue ability to infer is one of the marks which differentiates 
man from the other members of the animal kingdom. This 
ability rests on the fact that man is able to profit by the past. 
Other animals which construct, such as the beaver and the bird, 
do not readily turn to account the achievements of the past. 
Many acts of animals, however, appear to involve inference, 
but they are best considered as acts on a different level from the 
inferential. ‘‘‘ Did not that dogreason?’ Yes, but it would be 
clearer to callit a perceptual inference. ‘Was not that clever of 
the bee ?’? Yes, but it might be clearer to call it instinctive dex- 
terity. ‘ But surely that sea-anemone knew what it was about 
when it closed its tentacles on the worm?’ Yes, but it might 
be safer to speak of a reflex action. ‘But surely the Venus’s 
Fly-trap was aware of the insect that it captured?’ Yes, but 
it may be better to call its activity an organic reaction, for 
plants have no nerve cells.’’! 

We may perhaps understand inference better if we point out 
several ways of knowing, inference being one of the ways. There 
is knowledge which we may call perceptual, the immediate recog- 
nition of something. We see a tree, hear a noise, smell an odor. 
Knowledge of this kind is called knowledge by acquaintance. 

We have direct acquaintance with many facts of nature and of 
consciousness. “Seeing is believing ” is an old adage which 
expresses the confidence in perceptual experience. To fashion 
a situation so that it may be open to direct observation — this 
is the ideal of the theoretical or speculative sciences. When 

1Thomson, J. A., ibid., p. 92. 
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Harvey discovered the course of the circulation of the blood, he 
had no means of giving an ocular demonstration — that had 
to wait until the invention of the microscope. Leeuwenhoek was 
able by aid of the microscope to give an ocular or perceptual 
demonstration of the movement of the blood from artery to vein 
through the capillaries, through an examination of the ear of a 
white rabbit and the tail of a tadpole. Einstein was able to 
formulate a set of circumstances or conditions which would 
make possible a perceptual experience which tended to verify 
his theory of relativity. 

It seems that man is most certain about his perceptions — the 
things he sees and hears and touches. His inferences, his 
theories, his laws, rigorous though they seem, consistent though 
they be with his assumptions, lack the intimacy of perceptual 
knowledge. 

Feelings of pleasure and pain, and other conscious experiences, 
come within the range of immediate knowledge. Arguments and 
inferences are generally fruitless against knowledge by acquaint- 
ance, immediate knowledge. It is difficult, for example, to 
convince one who has the toothache that such is not really the 
case. 

However fundamental perceptual knowledge is, even the basis 
of all other forms, logic is not directly concerned with it. Knowl- 
edge about or knowledge by description, as it is sometimes called, 
is, rather, the field in which logic proper functions. It is because 
all knowledge is not direct and immediate, 7.e., perceptual, that 
logic has a field. If everything were open to direct perception, 
there would be no need of inference, no need of thinking; but 
there are things that cannot be seen or heard or touched. We 
never see a theory or a principle, but only cases or facts. 

A second way of knowing is by memory. This is closely 
related to perceptual knowledge and introduces nothing new. 
There is no logic of memory. It is a psychological process in- 
volving learning, retention, recall, and recognition. Like per- 
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ception it is essential to any logical process but is not of that 
process. Memory introduces old material, 2.e., material that 
has been in the consciousness of the individual at some previous 
time. Memory knowledge is old and true. 

Another method of knowing is by intuition. This is a difficult 
term to define clearly, and if understood properly, it must, it 
would seem, be by its own method, namely, intuition. It is the 
method of the mystic. A man may have a vision, as Plotinus 
is said to have had, in which knowledge is gained that apparently 
cannot be gained by the simple methods of logic. If aman has 
experienced a vision and asserts it as a fact and further attempts 
tO prove it, his assertions cannot be questioned, but his argu- 
ments fall within the province of logic. 

The penetrating insight that is born of long meditation on a 
subject is often spoken of asintuition. It seems in such moments 
of insight that the individual gets a grip on things and relations 
immediately, but it is probable that these flashes of genius mark 
the culmination of a long series of diligent efforts by rational 
methods in the fields of common-sense experience. The inspira- 
tion of the poet, the genius of the great discoverer in science, the 
passion of the orator, the zeal of the reformer, may possess ele- 
ments that could be termed intuitional. But inspiration, genius, 
passion, and zeal connect closely with long and earnest medita- 
tion over the subject matter in question. 

The relation between logic and the mystic mood is expressed 
by Russell in the following language :! “ Belief in a reality quite 
different from what appears to the senses arises with irresistible 
force in certain moods, which are the source of most mysticism, 
and most of metaphysics. While sucha mood is dominant, the 
need of logic is not felt, and accordingly the more thorough- 
going mystics do not employ logic, but appeal directly to the 
immediate deliverance of their insight. When the intensity of 
the emotional conviction subsides, a man who is in the habit of 

1 Mysticism and Logic, p. 10. 
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reasoning will search for logical grounds in favor of the belief 
which he finds in himself. But since the belief already exists, 
he will be very hospitable to any ground that suggests itself. 
The paradoxes apparently proved by his logic are really the 
paradoxes of his mysticism, and are the goal which he feels his 
logic must reach if it is to be in accordance with his insight.” 

Much has been said in the history of thought on the relative 
importance of reason on the one hand and intuition on the other, 
as means of knowing. In a decadent social life, when the in- 
terest in things of this world is at a low ebb, and when the prob- 
lems of life seem to have conquered man, the mystic attitude pre- 
vails. Such periods are represented by a large part of the mid- 
dle ages and the modern romantic movement. The rational or 
logical attitude prevails in periods of worldly expansion in the 
varied interests of man. The renaissance and a great part of 
the nineteenth century are typical of such periods. 

In periods such as that from the fall of Rome to 800 A.D., 
when the institutions that man had developed crumbled in the 
presence of forces that he could not control — when his govern- 
ment was falling away, when his material wealth was swept 
away — in such periods, man has recourse to the world within, 
to that region in which “iron bars do not a prison make,’’ to 
the world of the inner self. Such periods are marked by the 
prominence of mysticism, intuition, faith, authority. Man be- 
comes doubtful of reason as a means of admission to the fullness 
of reality. Genuine reality is reached by the ineffable vision, 
principles are revealed by divine authority, the logos becomes 
embodied in the flesh, and truths are the expression of a divine 
personality — this, because man feels that reason has betrayed 
him. Man’s truths, in such moods, are not able to stand alone 
— they must be vouchsafed by some Personality. Man-dis- 
covered principles are valueless, authority is essential, reason 
becomes the handmaiden of revelation, genuine reality and truth 
reside in the “‘ distant scene’ which, for the less gifted, may 
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become concrete and objective in a Personality or an institution 
as the church. 

Great waves of worldly expansion characterize the rational 
attitude. Man has remarkable confidence in his own ability. 
He thinks he may be able to discover a few principles, perhaps 
one, which will unlock the mysteries of the universe, terrestrial 
and celestial. Such a period is seen in the beginning of the 
modern western world. The remarkable advances in the 
sciences and mathematics — the development of the Copernican 
astronomy; the work of Kepler in discovering the laws of 
planetary motion; and of Galileo who, as Bergson so aptly says, 
brought down from heaven to earth by way of the inclined plane 
the laws which explain the behavior of the mechanical universe ; 
the genius of Newton in the development of the laws of motion 
and the principles of optics; the work of Harvey in the discovery 
of the circulation of the blood ; of Torricelli and others in physics ; 
of Descartes, Newton, and Leibnitz in mathematics; and ulti- 
mately the development of the ideas of democracy, and in the 
coming of the idea of the dignity of the individual in matters of 
religion — all these are characteristic of periods in which reason 
rules as against faith, mysticism, and authority. 

The last of the ways of knowing is inference or reasoning. It 
is, broadly speaking, the passage by means of appropriate 
machinery from something given to something else which is not 
directly given. In formal inference the ‘ given’ may be prem- 
ises, axioms, postulates; and the business of thinking is to dis- 
cover the implication of the premises, axioms, or postulates. 
In all inference or reasoning something is taken for granted, 
something whose meaning or implications are sought. When 
the ‘ given ’ is something open to perceptual observation, a fact 
in the objective world, we are dealing with inference from the 
inductive side, from the standpoint of thinking. Interest is then 
centered in discovering causal connections, relations between the 
fact given and other facts. When the ‘ given’ is of the nature 
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of a principle, a theory, a law, a proposition, and not a fact of 
nature, our interest is directed towards its logical relations. 

By inference or reasoning, then, we mean the process of going 
from something given, which may be either a fact in nature or a 
principle of thought, to something else which the fact suggests 
or which the principle involves. Facts always suggest other 
facts, and principles always involve other principles. 

The Ground of Inference. Inference assumes some sort of 
connection or continuity in the world. This continuity may be 
in thought or in things or in what we may designate as ‘ expe- 
rience’ of which thought and things may be conceived as parts. 
Some of the great battles of philosophy have been fought about 
the nature of the thing in which continuity or connection is said 
to reside; but for our purposes we assume there is continuity, 
connection, and interrelations without committing ourselves to 
any position as to the nature of the things which are related and 
connected. It is not a strain on the intelligence to accept it as 
true that there is system in our thought, and order in the be- 
havior of the world of objects; and without inquiring how that 
order and system got there or what their nature may be, we shall 
assume that there is system, order, connection, and continuity. 

It is because of such connection that we are able to infer. If 
things were chaotic, isolated, haphazard inference would be im- 
possible. Of course much of our world is apparently isolated 
and haphazard, but much of it is systematized and organized ; 
and it is on the basis of the part that is organized that we inter- 
pret the discrete portions, and believe that there is order if we 
can find it. A system has been defined as “‘ a group of relations, 
or properties, or things, so held together by a common nature 
that you can judge from some of them what the others must be.””? 
This definition of system was formulated, of course, to take care 
of inference; but it is readily seen that without something of the 
sort there would be no inference to talk about. 

1 Bosanquet, B., The Essentials of Logic, p. 140. 
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When we come to the kinds of inference, we shall have some- 
thing to say of the kind of system assumed as a foundation for 
inference in its various forms. The fact, however, that we can 
tell what something must be on the ground of some kind of system 
or order is very important. It brings us to a term of great age, 
namely, necessity, of which there are two kinds, logical and 
causal. The former means that we must think so and so to 
avoid contradiction; the latter, that there is an invariable se- 
quence in the events of nature. An example of logical necessity 
is found in the expression: ‘‘ It is not possible to hold that a 
thing can both be and not be at the same time ”’; of causal, in 
the following: ‘If John drinks carbolic acid and dies, James 
also, etc., we conclude that there is a causal connection between 
the drinking of carbolic acid and death.” As we shall see later, 
experimentation is in general directed towards the discovery of 
causal relations. And when these are discovered, we may then 
apply deductive methods even to the point of reaching the logical 
foundations of the science we are investigating. The first of 
these processes corresponds to the thinking, the second to the 
thought aspect of logic. 

Judgment and Inference. We stated earlier that judgment 
is a problem-solving operation, and that it is expressed in a prop- 
osition which may take the form of subject-predicate which 
involves the relation of inclusion (or exclusion) ; or the form of 
a relational proposition, 7.e., one involving a relation other than 
that of inclusion (or exclusion). We wish to point out some 
of the relations between judgment and inference. Judgment, 
properly considered, is inference, or rather it means that inference 
has already occurred. But as generally considered the judg- 
ment does not state the ground upon which it is made. In such 
judgments as ‘ tomorrow will be a clear day,’ ‘ John is a grafter,’ 
“I am uneasy about the outcome,’ ‘some politicians are dis- 
honest,’ we have not stated explicitly the grounds for the judg- 
ments. Much of our ordinary social experience moves on the 
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level of such judgments. The assumption seems to be that when 
such a judgment as ‘ some politicians are dishonest ’ is made, any- 
one will acquiesce in it and will not press us for the grounds. 
Ordinarily, then, we may say a judgment is rendered when the 
grounds upon which it is made are not set forth explicitly; an 
inference is made when the grounds for it are brought to con- 
sciousness. The whole background of the judgment is left to 
the imagination of the person who hears it, while for him who 
makes it, it is assumed that he knows the background and could 
state it if necessary. In many of our ‘ snap’ judgments which 
may be excellent we are unconscious of the ground, but analysis 
ex post facto would probably revealthem. Many ‘practical’ men 
render excellent judgments but give extremely poor reasons for 
them when questioned.1 This accounts for the statement often 
heard that philosophy is a set of bad reasons for what men 
already believe. 

Kinds of Inference. For the purposes of description we may 
speak of two? kinds of inference, namely, (a) from general to 
particular, and (0) from particular to general. In any actual 
problem-solving process both these are constantly used, but for 
descriptive purposes they are separated and treated in isolation. 
More will be said about them in their respective places. They 
make up the subject matter of logic proper. 

Deduction is sometimes called the method of proof. Proof is 
said to be “‘ the accepting or rejecting of a given proposition on 
the ground of its connection or lack of connection with some 
other proposition conceded or established.”’* Deduction op- 


1“ Almost every one knows Lord Mansfield’s advice to a man of practical good 
sense, who, being appointed governor of a colony, had to preside in its courts of jus- 
tice, without previous judicial practice or legal education. The advice was to give 
his decision boldly, for it would probably be right; but never to venture on assigning 
reasons, for they would almost infallibly be wrong.” Mill, J. S., Logic, Bk. II, Ch. 
TUT, Sec. 3. 

2A third kind is often given, namely, from particulars to particulars. It was 
made prominent by Mill. See reference above. We have treated it under the 
heading ‘Analogy’ in Ch. XVIII. 

3 Dewey, John, Essays in Experimental Logic, pp. 209-10. 
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erates on given assumptions, i.e, on something which is not 
proved, such as the axioms of Euclidian geometry. “* Given 
such and such, what conclusions can be drawn which are con- 
sistent with the premises?” Two types of deductive inference 
are usually considered, namely, immediate and mediate. The 
distinction, as it is generally stated, rests on the presence of 
what is known as the middle term. It finally reduces to the dis- 
tinction between a judgment (expressed in a proposition) and 
inference proper in which the ground is asserted. Immediate 
inference attaches to propositions which may be either the 
ordinary class proposition of the subject-predicate type which 
involves only the relation of inclusion (or exclusion), or the re- 
lational proposition in which a predicate is not affirmed or denied 
of a subject but in which a relation is asserted as obtaining be- 
tween at least two terms. We have, that is, immediate inference 
in class propositions and also in relational propositions. 
Induction is frequently called scientific method. It takes for 
granted certain facts and moves through various steps to general 
principles of laws. To distinguish it from the method of proof 
it is sometimes called the method of discovery. It ‘‘ endeavors 
to compel things to yield up something hitherto obscured or 
concealed.” The method of proof operates from a proposition 
or law already established or conceded to be established; the 
method of discovery operates from facts to a law or general 
principle. Both take something for granted —all reasoning 
does this: deduction, the general principle; induction, the facts. 
In all genuine reasoning or problem-solving there is a constant 
interplay of fact and principle, of the given and the sought. 
The following summary of the kinds of inference may prove 
valuable as a brief guide for understanding the further develop- 
ment of the subject matter of logic. The subject matter of 
logic is inference, which we separate into parts for the purposes of 
discussion. In the solution of a real problem, however, the forms 
1 Dewey, John, Essays in Experimental Logic, pp. 209-I0. 
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of inference function as a unit — the forms of deduction and 
induction work together like the parts of a machine in the 
accomplishment of a specific task. 


Kinds of Inference 


I. Deductive — the thought aspect of logic — the develop- 
ment of the implications of assumptions: 


1. Immediate — inference from one proposition which may 
be either class or relational ; 

2. Mediate — inference from a set of propositions which 
may be either class or relational. If the former, 
we have the traditional syllogism; if the latter, non- 
syllogistic or relational arguments. 


II. Inductive — the thinking aspect of logic — the develop- 
ment of hypotheses suggested by the facts of observation. The 
hypothesis, taking the form of a proposition, becomes the sub- 
ject matter of deductive inference — thus illustrating the organic 
unity of the forms of inference. 


PROBLEMS 


1. Distinguish between perception and memory. Give examples of 
knowledge by perception. By memory. 

2. Why does logic not consider perception and memory? What science 
does take them as a part of its field? 

3. Give examples illustrating the difference between knowledge by 
acquaintance and knowledge by description. 

4. Give examples of intuitive knowledge. 

5. How do we know each of the following (i.e., by perception, memory, 
etc.) 

(a) A straight line is the shortest distance between two points ; 

(6) London is the largest city in England ; 

(c) Casar crossed the Rubicon ; 

(d) Traffic laws are poorly enforced ; 

(e) Equals added to equals give equals ; 

(f) The sun is about three millions of miles from the earth ; 
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(g) Nothing can move with a velocity greater than that of light; 

(hk) The diagonals of a square bisect each other ; 

(i) The theory of evolution is true (or false) ; 

(j) The life and happiness of a laborer are more important than the 
product of his labor or the machinery he works with; 

(k) Five plus seven equals twelve ; 

(1) Politicians sometimes betray their country? 

6. In what kind of social environment does the mystic attitude prevail ? 
Any symptoms of mysticism in the present period? Reasons for your 
answer. 

7. What is meant by inference? Give a simple example of it. 

8. “In all inference something is given.’””’ Show by examples that this 
is true. 

9. Give examples illustrating the difference between causal and logical 
necessity. 

to. State the difference between judgment and inference. 
rz. Give examples of your own of the various kinds of inference. 
12. What differentiates immediate from mediate inference? 


CHAPTER IX 


IMMEDIATE INFERENCE 


Ir was pointed out in the previous chapter that there are two 
general types of inference, namely, deductive and inductive, 
the former giving origin to the logic of proof, the latter to the 
logic of discovery. Of the logic of proof or deduction there are 
two kinds, namely, tmmediate and mediate, the difference, as 
usually stated, resting on the presence of a middle term or 
mediator. It was also stated in the previous chapter that 
immediate inference attaches to the single proposition which 
may be of the ordinary subject-predicate type of traditional 
logic, or the relational type in which a predicate is not affirmed 
or denied of a subject, but in which a relation is asserted as 
obtaining between terms. 

In the present chapter we shall deal with deductive inference 
as it is expressed immediately in (a) class propositions and in 
(6) relational propositions. 

In the development of the various problems of deductive 
inference it should be kept in mind that we are dealing with the 
thought aspect of logic, the product aspect. We are dealing with 
propositions, 7.e., with the results of the process of thinking ; 
we are indeed performing operations on one of the elements of 
thought, namely, the proposition. 

Meaning of Immediate Inference. Immediate inference 
is so called to distinguish a type of reasoning from that which 
takes place through the syllogism. The syllogism is made up 
of three propositions and three terms, one of which is called 
the middle term or mediator. In immediate inference there 
is no obvious mediator, and we deal not with three propositions 
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related in a peculiar way, but with one. Immediate inference 
is concerned with the implication of propositions or rather a 
proposition or propositional function. As it attaches to class 
propositions it is based on the denotation of terms. As it 
attaches to relational propositions it is based on a system of 
order which the relation in question is capable of generating. 

Immediate inference should not be thought of as a process 
which involves little or no thought just because it is immediate. 
It is immediate in another sense of the term than easily or in- 
stantly perceived. It does not operate through an obvious 
mediator. Some logicians have held that there is no inference 
at all, but a mere restatement in other words of the original 
statement. Many have called this process Education to dis- 
tinguish it from inference proper. 

Since immediate inference and syllogism are both formal, 
1.e., deal with the form of arguments and not with the material 
or content; and since terms have intension as well as extension, 
we may expect a somewhat one-sided product to issue from the 
treatment of class propositions in both immediate and mediate 
inference. 

The Idea of Form and Content. Few questions of philosophy 
have been more vigorously discussed than that of the relation 
between form and content. There are those who believe form 
to be the essential thing in all reasoning, and that material fits 
into the form and is determined by it. The case is similar to 
that of the machine plant which has its forms or dies, so that 
when material which is more or less formless, 7.e., raw iron or 
steel, is poured into the machinery, it comes out a finished 
product, such as an automobile or a garden hoe. Formas, it is 
said, are prior, and the material is fashioned into usable instru- 
ments because of the imposition of the forms on the raw material. 
Thinking also has forms, it takes place through certain machin- 
ery, proceeds along definite channels, as a drop of mercury, 
falling to the floor, moves along lines and specific directions. 
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It is believed by the ‘ formalists’ that logic should deal ex- 
clusively with these bits of machinery through which thinking 
takes place. If we know the forms, so it is said, we know what 
the formed material must be. 

Reference to our first chapter will recall that the selection 
of one or the other, form or material, as fundamental determines 
the future course of our logical speculations. The ‘ formalists’ 
look at thought, the product, and from this determine what 
the process must be. Theirs is an analysis of achieved knowl- 
edge. 

The other position which we shall designate as the ‘ material- 
istic ’ (not in the traditional sense, but in the sense of emphasis 
on content and process), maintains the view that material or 
content is the essential thing. Meaning, significance, intension, 
and not form, is the significant thing. Form is the way the 
material happens to ‘ solidify,’ and interest, so the advocates 
say, is in the process itself and not in the congealed forms: 
interest is in dynamics and not statics, in change and not per- 
manence. Form, it is believed, is the result of processes, not 
the condition of them. Form in reasoning is analogous to 
customs or social habits in history. They develop and are 
valuable as ways of acting, but change with conditions. The 
forms of thought are somewhat like the settled ways of acting 
in other regions of interest, such as industry, law, and religion. 
In an evolutionary sense, forms represent successful variations 
in mental life as an eye does in physical life or paying taxes in 
social life. The ‘ materialistic ’ idea connects with the thinking 
or process aspect of logic. 

While it is not necessary for our purposes to decide between 
the rival views, it is essential that we recognize that they exist, in 
order to understand some of the problems of traditional logic 
as well as some of the problems of scientific logic. Traditional 
logic in general is formal; the logic of scientific method im 
general, materialistic (in the sense above specified). In all 
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genuine problem-solving both elements enter, and the question 
as to which is fundamental is left for more advanced courses 
in logical theory. 

(a) Immediate Inference in Class Propositions. We may 
divide immediate inference as it is applied to the class proposi- 
tion into two kinds, namely, that based on implication, and 
that based on transformation. That based on implication is 
generally called Opposition. The foundation of it is the rela- 
tions that obtain between all and some and none, and is and ts 
not. The second kind is determined by various transforma- 
tions that are possible in any given propositional function or 
proposition validating one — transformations based on the 
relationship between the extension of subject and predicate 
in positive and in negative functions. Of such transformations 
we shall deal with conversion, obversion, and contraposition. 

1. Opposition. It will be recalled that the various kinds of 
propositional functions were symbolized by the letters A, E, J, 
and O, They represent combinations of all, some, none, some 
not, both positively and negatively. Opposition deals with 
the relations that obtain when one of the above, A, E, I, or O, 
is given. Let us assume that A is given, in whose form we can 
fit a proposition which we grant is true, such as ‘all men are 
mortal.’ Our problem, then, is to determine the truth or falsity 
of the other three. 

As we remarked in our treatment of propositions and prop- 
ositional functions, the latter are neither true nor false. We 
shall use true and false to apply to propositions, i.e., to expres- 
sions which satisfy propositional functions. ‘X is VY’ is a 
propositional function, as is ‘ X is human.’ But ‘all dogs are 
animals’ is a proposition of the form ‘X is Y’; and ‘ John 
is human’ is a proposition of the form ‘ X is human.? We 
shall use the terms valid and implies or is implied by, when we 
speak of propositional functions; when we speak of proposi- 
tions, we shall use trwe and false. Thus, as here used, truth 
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and implication are not identical, the latter being a more gen- 
eral term which includes the former. Truth is confined to 
propositions, and possesses what we may call ‘ objective validity’ 
as well as ‘ internal consistency ’; while propositional functions 
possess ‘ internal consistency,’ but need not hold of the world 
of fact. 

A device known as the Square of Aristotle is employed to 
show the relations expressed by Opposition. 

Contrary propositional functions differ qualitatively but are 
alike quantitatively, z.e., both are universal. When proposi- 


Contraries 


E 


Subaltern 
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tions are substituted, both may be false but only one can be 
true. ‘“ All x is y” and “No x is y” are contraries. They 
cannot both be valid in the same ‘ world of discourse,’ but when 
constants are substituted for the variables, x and y, both may 
be false.! The propositions ‘‘ All men are rational” and “ No 
men are rational” cannot both be true. But “All angels 


1 The above statement is true only when the terms which symbolize the subjects 
of the propositions have members, 7.¢., individuals which the terms denote. The 
statement is not true when the subjects of A and E£ are null classes, 7.¢., have no mem- 
bers. The traditional treatment of immediate inference was formulated before the 
discovery of the null class. The discovery of the null class contributed largely to the 


application of algebra to logic. See Ch. II. 
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were mechanical engineers before Galileo’s day” and “ No 
angels were mechanical engineers before Galileo’s day ”’ may 
both be false.” 


The contradictories are A and O, E and I. Propositions 


which satisfy such functions are of the nature that one must . 


be true and the other false. To assert as true a proposition 
in the J form involves the denial of one of the E form; and to 
deny one of A is to assert one of O. These forms differ both 
qualitatively and quantitatively. 

Propositions validating the sub-contrary classes, i.e., I and O, 
differ in quality and agree in quantity. Both may be true 
but both cannot be false. 

Propositions that validate respectively A and J, and E and 
O, are known as sub-alterns. When the universal is true, the 
corresponding sub-altern is true. When the particular prop- 
osition of the classes J or O is true, it does not follow that any 
proposition validating the universal is true. To assume this 
is to commit the fallacy of “hasty generalization.” Proposi- 
tions of the J and O form use some. Some, in logic, means 
some at least — perhaps all. To say that some men are mortal 
does not carry with it the implication that some are not; but 
if we assert that all men are mortal, the implication is that some 
men are mortal. The truth of the sub-altern does not guarantee 
the truth of the original or principal proposition. 

[The relationship existing between propositions taking the 
forms of A, E, I, O, forms which are known as ‘ logical,’ may 
be stated in summary fashion as follows: 

[If a proposition validating A is true, then J is true; the others 
false. 

If one of £ is true, then O is true; the others false. 

If one of J is true, then E is false; the others doubtful. 

If one of O is true, then A is false; the others doubtful. 

If one of A is false, then O is true; the others doubtful. 

If one of £ is false, then J is true; the others doubtful. 
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If one of TI is false, then A is false; the others true. 

If one of O is false, then E is false; the others true. 

[The proposition having the name of a single thing asa subject, 
i.¢., the so-called singular proposition, is classed, as we have 
said, as a universal proposition. It is clear that there is no 
particular proposition corresponding with it. Thus the rela- 
tions between universal and particular propositions hold only 
on the assumption that the subject of the universal is a general 
term, 7.e., has more than one member. It is to be noted, too, 
that the contraries of propositions with a singular subject have 
the force of contradictories —a fact not consistent with the 
general theory of opposition as it applies to A and to £ proposi- 
tions whose subjects are terms denoting members, 7.e., general 
terms. | 

Some Values of a Study of Inference by Opposition. One 
value is to be found in the training one gets in a careful scrutiny 
of any subject matter presented for analysis. Even when the 
subject matter itself possesses little or no value from a practical 
standpoint, as is the case of much of our ‘ mental arithmetic,’ 
for example, the practice in analysis is valuable. Thinking, in- 
deed, is an analysis of a complex, the differentiation of a mass 
which offers resistance to immediate knowledge. Progress in 
our knowledge has generally taken the form of finding a com- 
plex where a simple was supposed to be. William James speaks 
of the world as it appears to the child as a “ big, booming, 
buzzing confusion,” as a large manufacturing plant would 
appear to a student who had spent his days in pursuit, say, of 
the classics. Knowledge of the world for the child and of the 
plant for the student of the classics is achieved through an 
analysis of the complex into its parts, through a noting of like- 
nesses and differences, by classification, and through the various 
other forms by which knowledge is gained. 

A practical advantage of a knowledge of the relationship be- 
tween propositions is found in what has been called ‘ economy 
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of refutation.’! To refute an argument stated in the all or no 
form, that is, a universal proposition, it is necessary to show an 
exception only. For example, if the thesis were that all menare 
mortal (though such would never be a problem), it would be 
unnecessary to attempt to set up the contrary, “no men are 
mortal,” but an exception, i.e., an O proposition. To disprove 
a proposition of the E form it is necessary to prove one of the 
I form. 

The importance of the exception in the progress of science 
and of knowledge in general may warrant an added word. 
Should we wish a statement of the progress of knowledge in 
terms of formal logic it would be to the effect that progress 
has occurred through the discovery of an O form of proposition 
in a region in which an A form had before been accepted; or in 
the discovery of an J form in a region dominated by one of £. 
The exception is the bright point in the torch of progress, 
whether it take the form of an individual as Socrates or New- 
ton; or the form of a contradiction to an established principle.” 

2. Transformation. The types of transformation which we 
shall consider are Conversion, Obversion, and Contraposition. 
In all cases the propositions transformed should possess the 
same logical significance as the original. The chief value of 
transformations, from a purely practical standpoint, is to bring 
vividly to attention the import of propositions, to emphasize 
a point by stating it in various ways. 

Conversion is the process of interchanging the subject and the 
predicate. There are two kinds, namely, conversion per acci- 
dens, and simple. The latter is the mere substitution of the 
predicate for the subject and the subject for the predicate. 
Per accidens makes use of the same change but with a change 
in the quantity of the proposition. “ All dogs are animals” 


1 Hibben, J. G., ibid., p. 108. 


? For quaint though excellent statements of the exceptional in scientific progress, 
see De Morgan, Budget of Paradoxes, passim. 
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becomes “Some animals are dogs.” But the proposition, 
“ All triangles are figures which have three sides,’”’ can be con- 
verted simply into, “ All three-sided figures are triangles.” 
Simple conversion is possible when subject and predicate have 
the same extension. Equations in mathematics are the best 
examples. To convert any proposition it must first be reduced 
to logical form, and second, the rule must be followed that no 
term may be distributed in the converted proposition that was 
not distributed in the original. Applying this rule, the following 
results obtain : 

All x is y, becomes Some y is x; A becomes J ; 

No x is y, becomes No y is x; E becomes FE; 

Some x is y, becomes Some y is x; I becomes J; 

Some x is not y, becomes no result. 


Obversion is the process of changing the quality of a proposi- 
tion, while the meaning remains the same. A change in the 
subject from negative to affirmative or vice versa, with a change 
in the predicate to its contradictory, is the essence of the pro- 
cess. Formal obversion leads to the following results: 


All x is y, becomes No «x is not-y; A becomes E; 
No « is y, becomes All x is not-y; E becomes A ; 
Some ~x is y, becomes Some x is not not-y; I becomes O; 
Some ~ is not y, becomes Some « is not-y. O becomes J. 


Contraposition involves the following : 


(a) obversion, 

(b) conversion, 

(c) obversion. 
For example, given “ All x is y,” by obversion we get “‘ No x is 
not-y.” By conversion, ‘‘ Some not-y is x”’; then, by obver- 
sion, “ All not-y is not-x.”” The process may be accomplished 
directly by the following rule: Substitute for the subject and 
predicate of the original proposition or function their correspond- 
ing contradictories, and interchange the positions of the sub- 
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ject and the predicate. Given “ All men are mortal,” we get, 
by obversion, ‘‘ No men are immortal”; by conversion, “No 
immortal (beings) are men”; by obversion, ‘“ All immortal 
(beings) are not-men.” We observe that the contrapositive 
of an A proposition is an A. When our original is an E, how- 
ever, the contrapositive is an O, as will be seen from the follow- 
ing example: 

No men are immortal; 

All men are mortal (obversion) ; 


Some mortals are men (conversion) ; 
Some immortal (beings) are not men (obversion). 


The contrapositive of an O proposition isanO. The J propo- 
sition has no contrapositive, since an 7, when obverted, gives 
an O, and an O proposition cannot be converted. 

[By the use of the ancient logical square it is possible to sum- 
marize the results of immediate inference by opposition. Wewish 
here to summarize the results of immediate inference by trans- 
formation of propositions. The possible transformations are: 

(a) we may change the quantity; 

(6) we may change the quality; 

(c) we may change either subject or predicate by substitution of their 
contradictory terms; 

(d) we may interchange the subject and the predicate. 


[When an A proposition is given, the following valid results 
obtain by performing the above operations: 


Given All x is y: 
Some y is x (converse), 
No « is not-y (obverse), 
No not-y is « (converted obverse), 
All not-y is not-« (contrapositive), 
Some y is not not-« (obverted converse), 
Some not-« is not y (inverse), 
Some not « is not-y (obverted inverse). 
1 Some logicians attempt to convert O by a process called conversion by negation. 


The process consists in changing the original proposition (called the convertend) into 
an affirmative proposition, and then converting this proposition simply. 
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[Given an E proposition and we have the following : 
Given No x is y: 
No y is x, 
All x is not-y, 
All y is not-«, 
Some not-y is x, 
Some not-y is not not-x, 
Some not-x is y, 
Some not-« is not not-y. 


[Given an I proposition, we get the following: 


Given Some x is y: 
Some y is x (converse), 
Some x is not not-y (obverse), 
Some y is not not-x (obverted converse). 


[Given O, we get the following: 


Given Some x is not y: 
Some x is not-y (obverse), 
Some not-y is x (converted obverse), 
Some not-y is not-« (contrapositive).] 


It is extremely easy to draw fallacious conclusions, 7.e., to 
interpret incorrectly the given proposition. In connection with 
conversion we may forget that it is fallacious to have a term 
distributed in the conclusion that was not distributed in the 
original proposition. We may not conclude, for example, that 
if all republicans are high-tariff advocates, that all high-tariff 
advocates are republicans. The same difficulty is illustrated 
in the following : 

Sir, I admit your general rule, 

That every poet is a fool; 

But you yourself will serve to show it 
That every fool is not a poet. 

Exceptive and exclusive propositions offer peculiar difficulties. 
These attach to the fact mentioned in the treatment of terms, 
namely, that the subject term is generally demonstrative and 
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the predicate term descriptive. Let us assume that among the 
ancient peoples only the whites were civilized. We could not 
conclude that the ancient Germans were civilized because they 
were white. 

False obversion is illustrated in the following: All students in 
this class are interested. By obversion we reach, No students 
in this class are not interested. But we may wrongly conclude 
that No students who are not in this class are interested. 

(b) Immediate Inference in Relational Propositions. Tradi- 
tional logic is founded on the relation of inclusion and exclusion 
of classes, symbolized by terms. As we saw in definition genus, 
species, differentia, property, and accident play a leading rédle 
in this logic. Questions of formal division, definition, immediate 
inference in class propositions, and operations with the syllo- 

yism are all founded on the relation between classes. 

The logic of classes was built up on the model of the ‘ thing,’ 
1.e., objective, concrete things. ‘“‘It is the physical thing con- 
ceived as a complex of qualities wherein was a substance-like 
substratum or core that was the model after which the Greek 
philosophers, though unconsciously perhaps, patterned their 
thinking and formulated the “laws of thought,” these laws 
being called logic.” ? 


1A relational proposition is one in which a relation is asserted to obtain between 
terms. When the relation is inclusion (or exclusion), one term is said to be the sub- 
ject, the other the predicate. In such a proposition a predicate is asserted of a sub- 
ject. In the relational proposition a relation is introduced between terms (at least 
two). A predicate is not asserted of a subject, but a relation is asserted to obtain 
between terms. The relation, in the relational proposition, functions as a predicate 
in the class proposition. The traditional class proposition is, in fact, the most com- 
mon form of relational propositions, and it has heretofore been considered as the 
fundamental kind to which all others could be reduced. See Forms of Propositions, 
Ch. IV. 

* Spaulding, E. G., The New Rationalism, pp. 29-30. The tendency to conceive 
events, relations, etc., in terms of the thing, is, perhaps, nowhere better seen than in 
law. This tendency to interpret everything in terms of a substance or sub-stratum 
to which qualities belong is, as we have pointed out, congenial to the view that think- 
ing deals with things and adjectives or qualities, and when interpreted into logical 
terminology, leads to the traditional view of the subject-predicate proposition and 
its corresponding syllogistic logic. The following quotation illustrates the difficulty 
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But the development of science showed that the logic of classes 
was unable to give an account of this development. The 
methods employed by investigators implied a logic that could 
not be reduced to traditional forms, partly because these forms 
deal with individuals additively and not in cases involving series 
and relations. A series is an ordered class of individuals, 7.e., 
one in which each individual has a place or position in the class. 
The old logic of classes was formulated on the principle that 
a whole or class consists of a number of parts joined together 
by and, and took no notice of the order that might obtain be- 
tween the members of the class. The notions of order, series, 
function, and relation are very important in modern science, 
and a logic adequate to the expression of the results of scien- 
tific development and of the methods by which these results 
are achieved is to be found partly in an analysis of these 
notions. 

Every proposition, as has been pointed out, possesses both 
terms and relations as elements. When we deal with relational 
propositions, it is understood that we are speaking of other forms 
of relational propositions than those capable of reduction to 
classes. The latter are founded on the relation of inclusion 
and of exclusion, an example of asymmetrical and symmetrical 
relations respectively. If a@ is included in 4, then 0 is not in- 


of the medieval lawyer in dealing with relations, or, as they are sometimes expressed, 
incorporeal hereditaments: ‘Ancient German law, like ancient Roman law, sees 
great difficulty in the way of an assignment of a debt or other benefit of a contract 

. men do not see how there can be a transfer of a right unless that right is embodied 
in some corporeal thing.” Pollock and Maitland, History of the English Law, 2d ed., 
1905, p. 226. Again, the same authors say: “The realm of medieval law is rich 
with incorporeal things. Any permanent right which is of a transferable nature, 
at all events if it has what we may call a territorial ambit, is thought of as a thing 
that is very like a piece of land. Just because it is a thing it is transferable. For 
the popular mind these things are things. The lawyer’s business is not to make them 
things but to point out that they are incorporeal.” Jbid., p. 124. The difficulty 
of conceiving relations apart from things, 7.e., of conceiving relations abstractly, 
leads to confusion in Blackstone’s treatment of corporeal and incorporeal heredita- 
ments. See, e.g., Hohfeld, Fundamental Legal Conceptions, Yale University Press, 


1923, P. 30. 
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cluded in a; but if a is excluded from 8, then 0 is excluded from a. 
The assumption back of such class propositions is that the 
terms used as the subject denote individuals. 

But asserting a relation between terms is different from as- 
serting a predicate of a subject. In the former our interest 
lies in the determination of the actual relational status of the 
terms, in the latter the possibility of classifying the subject 
in a term or system of terms which will give it rational standing 
in the system of meanings. In the former case, 7.e., in a situa- 
tion leading to a relational proposition, we are concerned pri- 
marily with the relation between the terms; in the latter, or with 
the situation which results in the class proposition, we are con- 
cerned precisely with what the term itself is. We want to know 
what the nature of the thing (symbolized by a term) is. Is 
this thing an animal or a plant? Are these things typhoid 
germs or some other kind? The decision is stated in a class 
proposition — This is a plant, These are typhoid germs. When 
thus classified, we know what to expect of them — we have 
given them intellectual standing. But we may be confronted 
with the problem of asserting a relation between terms. Are 
these two son and father, brother and sister, and the like? 
One who is applying for membership in the Daughters of the 
American Revolution must establish the relation of ‘“ descend- 
ant of ” between individuals symbolized by terms — between 
William Morris, for example, and Jane Morris. The relation 
of “descendant of ”’ generates a class — “all those who are 
descendants of William Morris.” 

When such a relational proposition is once established as a 
result of thinking, it possesses some formal properties which in 
turn become the subject matter for further inquiry. We may 
then draw certain other conclusions stated in the form of propo- 
sitions. This proposition implies others. The process of 
drawing other conclusions from one proposition is called im- 
mediate inference, or inference from one proposition (or prem- 
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ise), to distinguish it from mediate inference, or inference from 
more than one premise. 

The Implication of Relational Propositions. We saw in the 
treatment of class propositions that there are four kinds of 
categorical propositions symbolized by the letters A, E, J, and 
O. Since relational propositions do not imply classes in the 
sense of the older logic and are not founded on classes, we can- 
not use the same symbols as in the treatment of class proposi- 
tions. Neither can we perform the same logical operations on 
them that we perform on class propositions. 

Relational propositions, however, imply what is called an 
inverse. Given any relational proposition (or relational func- 
tion) such as “ x is greater than y,”’ the inverse is “ y is less than 
x.” The inverse of a proposition is found by changing the 
sense or direction of the relation. This is easily accomplished 
when we are acquainted with the system of order that prevails 
in the phenomena under observation. In quantitative situa- 
tions, greater and lesser or their equivalents are used; in tem- 
poral, earlier and later; in spatial, east, west, etc.; in social 
phenomena as in degrees of kinship, the customs of the group 
as they are correlated in some manner with the number series ; 
in qualitative changes as in the degrees of brightness of a color, 
any standard which is correlated with the number series. In 
many social situations and sets of circumstances involving 
qualitative changes special terms have been devised. For 
example, ‘ grandfather’ is a term which represents ‘ once re- 
moved,’ ‘ great-grandfather,’ ‘twice removed.’ 

We shall consider here the immediate implications of some of 
the more important classes of relations. We limit the dis- 
cussion to dyadic relations, i.e., relations with two terms, be- 
cause of the relative simplicity of this kind of relations. Other 
kinds are triadic, tetradic, as there are three, four, etc., terms. 
“ John gave Susan a rose ”’ is a proposition involving a triadic 
relation. 
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A symmetrical relation is one which is identical with its in- 
verse. If John is different from James, James is necessarily 
different from John; or if @ is equal to 6, then b is equal to a. 
Ordinary algebraic equations are examples of symmetrical 
relations. It is a matter of indifference whether we write 
(a@tb2?=@+2a+Por’?+20a4+8 = (a+ by. 

An asymmetrical relation is one in which the original relation 
and the inverse are incompatible. Given a proposition ex- 
pressing an asymmetrical relation, such as ‘“‘ John is the eater 
of the soup,” we infer immediately that the soup was eaten by 
John. Events present an excellent example of relations of 
this kind, as well as relations involving spatial characteristics. 

In a transitive relation, z.e., one in which, if the relation holds 
between a and b and between 0 and ¢, it holds between a and c, 
we may infer immediately the opposite sense of the relation. 
If a is greater than b, and 6 is greater than c, then c is less than a. 

The immediate inference possible when an intransitive rela- 
tion is given, 7.e., a relation exemplified in: a is the father of 
b, b is the father of c, cannot be stated definitely as the implica- 
tion rests upon the system of order in which the relation is 
found. There is always a relation between the first term and 
the last term, but there may not be a specific name for the rela- 
tionship, as there is in the example above, namely, ‘ grand- 
father.’ We must have acquaintance with the specific system 
before we are able to employ the proper terms of the system, 
provided any specific terms exist. 

The class of all couples (or dyads, etc.) that has a given rela- 
tion is generally spoken of as the extension of the relation. In 
this sense the extension of the relation of ‘father of ’ would 
be all the couples of ‘ father-child ’; of ‘ physician of,’ the class 
of couples ‘ physician-patient,’ etc. 

1 The extension of a relation may be conceived as the cases of all the possible ways 
the relation may be asserted. ‘Ancestor of’ and ‘greater than’ are both relations of 


the same class. This class to which they both belong as cases may be said to extend 
to all possible cases in which it is possible to assert the relation and “make sense.” 
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The class of couples which constitute the extension or field 
of two relations when they are asserted simultaneously (called 
the logical product) are such that «Ry and xSy are both true 
— that is, if x has the relation R to y, and x has the relation S$ 
to y, RS (or R multiplied by S) will be the class of dyads 
(couples) of which it is true to assert that they are so related. 
If x is a friend of y, and x is a debtor of y, then the simultaneous 
assertion of R and S determines a class who are both friends of 
y and debtors of y. 

When a relation is asserted between two terms in such a way 
as to give origin to the logical sum (R + S), the extension is the 
class of couples such that at least one of the two, xRy and xSy, 
is true. If R is ‘ friend of’ and S is ‘ debtor of,’ the extension 
of the sum of these relations is that class who are either friends 
of y or debtors of y. 

Conceiving extension in the same manner, as the class of 
couples related in a given way, we are able to speak of the 
negative of arelation.! The negative of the relation R is written 
— R, and, when asserted in a proposition, is that class of couples 
for which «Ry is false. If x is a friend of y, the negative of 
the relation is that class of whom it is false to assert that x has 
the relation to y. There is a class of persons symbolized by x, 
who have the relation ‘friend of’ to y. The negative is 
that class of persons who do not have the relation ‘ friend of’ 
to y. 

[In the treatment of terms, it will be recalled that we intro- 
duced the null term — the term that stands for the class which 
has no members. We saw in the present chapter in the treat- 
ment of the class proposition that the no-member class, when 
introduced, makes a difference in the traditional discussion 
of immediate inference. The null-relation, then, will naturally 
be the null class of couples. If the class of couples a and 6, 
for which a Rd is true, has no members; and the class of couples 


1 This should not be confused with the inverse of a relation. 
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c and d, for which cSd is true, has no members, then R and S$ 
have the same extension, namely, zero extension. 

[We have thus far considered the inverse of some of the 
classes of simple relations. We call a relation ‘simple’ when 
there is one relation between the terms. In ‘“ John is the 
father of James,” the relation ‘ father of ’ is simple. If John is 
the father and supporter of James, we have two relations between 
the terms — this is a case of what is meant by a ‘ compound’ 
relation. If is the agent and patient of y, y is the principal and 
physician of x; or if x is either the agent of y or the patient 
of y, y is either the principal of « or the physician of x. ‘ If 
x is an employer of a benefactor of z, then the relation of z to xis 
‘benefited by an employee of.’”’ This is the inverse of the 
relative sum of two relations. The inverse of the relative prod- 
uct is exemplified in the following: ‘‘ If x isa hater of all non- 
helpers of z, the relation of z to x is ‘ helped by all who are not 
hated by.’ ”’]! 

Relational Inference and Science. By introducing relations 
and propositions in which they are asserted we are able to 
prosecute more vigorously the deductive aspect of scientific 
research. As has been said, in all genuine thinking both in- 
ductive and deductive aspects are constantly present. By 
the use of relations as instruments of analysis we are able fur- 
ther to reduce the gross findings of purely inductive procedure 
to more fundamental categories. We have an added instru- 
ment to aid in the inquiry as to what is actually fundamental 
in the knowledge which we possess. Relations and proposi- 


1See Lewis, C. I., ibid., p. 276, for more extensive treatment of this topic. The 
difficulties begin to grow surprisingly when we introduce four or five relations be- 
tween the terms. It is practically impossible to deal with these in common language. 
We must use symbols and then ‘interpret’ the results the best we can. It is like 
trying to state in common language some of the operations in algebra. Even with 
three relations we have troubles enough in giving a meaning in common language. 
Take, for example, if « is a friend of a colleague of a neighbor of y, what is the relation 
of y tox? Any number of relations above two may be treated as a dyadic relation. 
Four relations, for example, may be taken as two pairs of two each, etc. 
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tions asserting them are means of analyzing knowledge rather 
than instruments for the investigation of nature. The causal 
relation (a form of a more fundamental relation) is the in- 
strument from the relational standpoint in the hands of the 
investigator of nature — such an investigator seeks no relation 
more ultimate or fundamental than the causal. But once he 
has delivered a law, principle, or formula, his finding becomes 
the subject matter for more complete analysis. It is by such 
analysis that the foundations of a science are determined. 

The significance of relations for science becomes more ap- 
parent when we consider the tendency of sciences to become 
more and more mathematical. As is well known, physics con- 
stantly approaches mathematics, chemistry becomes closer 
and closer to physics, biology approaches chemistry, and so on. 
Physical chemistry and biochemistry represent fields which 
have been developed in this general tendency to reduce to more 
ultimate categories. It is significant that all are approaching 
mathematics. Probably the most important bearing of rela- 
tions on science connects with mathematics. The positive in- 
tegers, for example, are related asymmetrically and transitively. 
All magnitudes involve relations of the kind expressed in the 
rational positive integer series. Any science which deals with 
magnitude thus deals with asymmetrical transitive relations. 

We see the same relations in geometry. Whether we are 
considering ordinary metrical geometry or projective and de- 
scriptive, the same relations obtain. The relation expressed by 
between is fundamental in generating the various geometries, 
metrical and non-metrical; and between is an example of the 
same relations. 

Time as made up of instants (terms), like space of points, 
exemplifies the same relations. Time may be considered the 
domain of an asymmetrical transitive relation whose terms are 
instants; while space may be conceived as the domain of the 
same relations, but with terms as points. 
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Motion, also an important category of science, especially of 
physics and astronomy, may be conceived relationally. In 
fact, it is not possible to conceive motion as such in terms of 
classes. We may conceive of two classes of bodies, namely, 
moving bodies and bodies at rest; but in such a case we are 
thinking of the bodies and not the motion. What is needed is 
to abstract movement from bodies and deal with movement 
alone. To do so involves logical machinery that differs from 
that found in traditional works. Motion involves asymmetri- 
cal transitive relations, and in addition a correlating relation 
between time and space, since motion involves both time and 
space. This correlating relation we discussed as one-one cor- 
respondence in our treatment of relations. 

Mass has its relational description, namely, a many-one cor- 
relating relation between several points in space and one in- 
stant of time. 

For classical physics space, time, and mass are fundamental, 
ultimate categories. But with the advent of relational analy- 
sis these former ultimates may be further reduced to more fun- 
damental categories, thus making for a more minute and ac- 
curate description. As we move along the scale of the sciences 
from the abstract to the more concrete, that is, from mathe- 
matics, through physics, to chemistry, etc., we find greater 
difficulty in furnishing relational statements of the fundamental 
categories of these various sciences. The difficulty, however, 
is more one of knowing precisely what the fundamental cate- 
gories are. When they are discovered, they will, of course, 
yield to the fundamental categories of all knowledge. 

More definite implications of the réle of relations and propo- 
sitions asserting them will be pointed out in the treatment of 
systematic or scientific inference.! 


1See Ch. XX. 
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PROBLEMS 


1. Give examples of the idea of form and content in other interests 
than logic. Would‘ grammar and language,’ ‘ theory and practice,’ ‘ science 
and art,’ ‘law and case,’ etc., fairly represent the idea? Give reasons for 
your answer. 

2. State the kinds of immediate inference. Give the basis of each. 

3- Given A true, what is known of E, I, O? 

Given A false, what is known of £, J, O? 

In like manner, what is known of each of the others, given E, I, and O 
in turn respectively true and false? 

4. Under what circumstances, if any, could the two universal proposi- 
tions be true and the two corresponding particulars false? 

5. If A is true, is 7? Suppose the subject of J has no members, would 
this change your answer? 

6. Which, if any, of the following are correct : 

(a) If no ais b, then no b isa; 

(0) If no b is a, then all bd is not-a; 

(c) if all } is not a, then some 6 is not-a; 

(d) If some 0 is not-a, then some not-a is b? 

7. Is this correct: No mathematician has squared the circle. Hence 
some non-mathematicians have squared it? Reasons for your answer. 

8. Verify for yourself each of the following relations: 

Of contrary propositions, one is false if the other is true, but both may 
be false. 

Of contradictory propositions, one is true and the other necessarily must 
be false. 

If a universal proposition is true, the particular which stands under it is 
also true; but if the universal is false, the particular may or may not be true. 

If a particular proposition is true, the corresponding universal may or 
may not be true; but if the particular is false, the universal must be false. 

Subcontrary propositions may both be true; but if one is false, the other 
is necessarily true. 

9. Reduce to logical form, and state the converse, the obverse, and the 
contrapositive of each of the following propositions : 

(a) No one is always happy ; 

(b) Uneasy lies the head that wears the crown ; 

(c) Those who came to scoff remained to pray ; 

(d) The facts of mechanics may be explained in terms of electrons ; 

(e) Some theories are not true; 
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(f) All men are not dishonest ; 

(g) Only ticket holders are admitted ; 

(k) More than 50% of the moose calves in Alaska die each year of star- 
vation ; 

(i) All metals are not white; 

(j) Every mark of weakness is not a disgrace. 

10. Give the contrary (or sub-contrary) and the contradictory of each 
of the following: 

(a) None but the brave deserve the fair ; 

(6) Her beauty was the beauty of goodness ; 

(c) Some men who pass as mathematicians are mere technicians ; 

(d) Not all programs of social reform are feasible. 

1x. State the other propositions in the Square of Aristotle opposed to 
the propositions in problem ro (i.e., the contrary, contradictory, etc.). 

12. What would the negative side have to prove to win a debate on each 
of the following questions : 

Resolved that All railways should be owned by the government; 

Resolved that Capital punishment should be abolished ; 

Resolved that Some women have the talent of political leadership ; 

Resolved that Some nations are not capable of self-government ? 

13. Verify the following formule for Obversion : 

Given, All Sis P (A) The Obverse is No S is not-P (E£) 

Given, No Sis P (E) The Obverse is All S is not-P (A) 

Given, Some Sis P (J) The Obverse is Some S is not not-P (0) 

Given, Some S is not P (0) The Obverse is Some S is not-P (J) 

Why is the use of hyphens necessary in the above formule? 

14. Give examples of each of the above formule in 14. (e.g., “Given, 
All men are mortals” (A) the Obverse is “‘ No men are immortals” (£), etc.) 

15. Convert the following: 

(a) All men are mammals; 

(b) All men are rational animals ; 

(c) Phosphorus will not dissolve in alcohol ; 

(d) Perfect happiness is impossible ; 

(e) Socrates was the wisest man in Athens (singular proposition) ; 

(f) Some of the planets are not larger than the earth; 

(g) Uneasy lies the head that wears the crown; 

(h) None but the brave deserve the fair; 

(i) Great is Diana of the Ephesians ; 

(j) Less than half the members are in favor of the bill; 

(k) Not one of the Greeks at Thermopyle escaped ; 
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(1) Some of the enemy are not prepared to surrender; 

(m) Not all who came to scoff remained to pray ; 

(nm) Not every man could stand such hardships. 

16. Test the validity of the following conversions and obversions: 

(a) All virtuous persons have clear consciences, therefore this man who 
has a clear conscience is virtuous; 

(b) Nothing great is easy, therefore the achievements of Napoleon were 
difficult ; 

(c) No savages are learned, therefore no learned men are savages; 

(d) This man is very radical in his political views, so that he must be a 
socialist ; 

(e) Are these statements logically related? ‘A false balance is an 
abomination to the Lord; but a just weight is his delight.” 

17. What is the difference between the ordinary class proposition and 
the relational proposition? Write several examples of relational proposi- 
tions. 

18. State the inverse of each of the following: 

(a) John ate the soup; 

(6) Don Quixote fought bravely for Dulcinea del Toboso ; 

(c) Henry is taller than Susan; 

(d) The sun comes up before seven o’clock ; 

(e) a equals b; 

(f) Every one has the right to use the courts. : 

19. What is meant by the extension of a relation? Give the extension 
of the relations in each of the following propositions : 

(a) John is a friend of Henry and also the teacher of Henry ; 

(b) John is a friend of Henry and a customer of Henry ; 

(c) John is a friend of anyone who is not a brother of James. 

20. Select a science in which you have some proficiency and state the 
place of relations in that science. Take a practical problem in everyday 
experience and do the same. 

21. What assumption would you say lies back of the assertion, ‘‘ There 
is no truth’’? 

What assumption is involved in the oft-quoted statement attributed 
to Socrates, ‘All I know is that I know nothing’”’? 

22. Give an example of your own, illustrating different types of proposi- 
tions. 
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CHAPTER *X 


MEDIATE INFERENCE 


WE approach now the venerable syllogism, the traditional 
mechanism of mediate inference. The logic of functions and 
propositions validating them gives origin to immediate infer- 
ence which, it will be recalled, does not state the ground of the 
inference. Mediate inference as expressed in both the syllogism 
and in relational arguments displays the grounds upon which 
conclusions rest. 

The Nature of the Syllogism. Aristotle (330 B.c.), the 
founder of syllogistic logic, defines the syllogism in his famous 
work Prior Analytics, as “‘ Discourse in which certain things 
being posited, something else than what is posited necessarily 
follows on their being true.” The first point to note is that 
something is posited, 7.e., something asserted, given, or taken 
for granted without proof. An example of this is found in or- 
dinary geometry in which axioms and postulates are stated in 
the beginning of the text, and the ‘ something else than what 
is posited,’ follows necessarily. The second part of his state- 
ment — that relating to necessity — involves what are known 
generally as the ‘laws of thought,’ a subject which we shall 
discuss later.1 Here we may say that necessity hinges on con- 
sistency and self-contradiction. Why is it that something being 
given something else not given follows necessarily from it? 
This is a good question to introduce us to sound philosophic 
thinking. 

1See Ch. XXV. 
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Let us take a very old example of the syllogism and make a 
more careful examination of it: 


All men are mortal; 
Socrates is a man; 
Therefore Socrates is mortal. 


In the first place it is seen to consist of three propositions, the 
first of which is called the Major Premise, the second the Minor 
Premise, and the third the Conclusion. The ‘“‘ something that 
is posited ” here are the major and the minor premises. The 
conclusion follows necessarily. 


Ficure VII 


It will be observed that each proposition has two terms stated 
in subject-predicate form, and the relation of inclusion. Men 
and mortal are the two terms in the major premise; Socrates and 
man, the two in the minor; and Socrates and mortal, the two 
in the conclusion. But we note that there are but three differ- 
ent terms, namely, man, mortal, and Socrates. These terms 
have names, to wit: men or man is known as the middle term 
or the mediator (hence the name of this type of inference), 
mortal is known as the major term, and Socrates as the minor 
term. The relation in each case is that of inclusion. In all 
syllogistic reasoning the relations that are found are those of 
inclusion and exclusion, both of which are cases of more general 
relations. The class man is included in the class mortals, the 
latter being of wider distribution or greater extension; Soc- 
rates, an individual, is included in the class man. Therefore 
Socrates is in the class mortal. 
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The foregoing diagram (Figure VII) illustrates the relation 
between the terms of the categorical syllogism as expressed in 
the first figure of the syllogism. 

The terms of the syllogism are sometimes represented by 
the letters M@, S, and P; M standing for the middle term, S 
for the minor, and P for the major. The classes are so related 
that the middle term is not asserted in the conclusion. For 
example, 

M is P; 
Sis M; 
Therefore S is P. 
Not just any three propositions make a syllogism. No con- 
clusion can be drawn, for example, from: 
All men are rational ; 
The Wild Man from Borneo has just come to town. 
Both propositions contain the term man, but there is lacking a 
system of order which ultimately may be considered the founda- 
tion for any inference. 

Kinds of Syllogism. Since, from the manner of their asser- 
tion, there are three kinds of propositions, namely, the categori- 
cal, the hypothetical, and the disjunctive, and since the syllo- 
gism is a combination in a peculiar manner of propositions, 
there would be as many kinds of syllogisms as of propositions. 
We shall deal here with the categorical syllogism. 

Rules of the Categorical Syllogism. The rules of the syllo- 
gism are statements of the conditions that must be fulfilled in 
order to reach valid conclusions. A conclusion is said to be 
valid when it follows necessarily from premises. It need not 
be true because we may start with false assumptions, but the 
reasoning may be correct, 7.e., the game has been played accord- 
_ ing to the rules. The rules of the syllogism operate in such a 
situation as the following: ‘‘ Given so and so, what conclusions 
follow? ” 

By an examination of the arguments given below we may 


136 TEXTBOOK OF LOGIC 


better be able to understand the rules of the syllogism. Let 
us determine by the method of ‘‘ common sense ” whether the 
arguments are valid or invalid, and let us further state the 
reasons for our answers. The reasons which we give should 
be a statement of the rules of the syllogism. 


All men have a right to express their opinions freely ; 
What is right should be done in all cases; 

Therefore we should always express our opinions freely. 
Anything opposed to industrial prosperity is an evil; 
Wars are certainly evils; 

Therefore wars are opposed to industrial prosperity. 


All patrons of arts and science are public benefactors ; 
No poor men are patrons of arts and science; 
Therefore no poor men are public benefactors. 


All men are rational beings; 
All rational beings are bipeds; 
Therefore all bipeds are men. 


No conservative government ever suffers a revolution ; 
No governments suffering a revolution are successful ; 
Therefore all conservative governments are successful. 


No conservative government ever suffers a revolution; 
All governments suffering revolutions are unsuccessful ; 
Therefore all conservative governments are successful. 


Some democrats are high-tariff advocates; 
Some high-tariff advocates are in congress ; 
Therefore some congressmen are democrats. 


(x) A syllogism should contain three terms and only three, 
used in the same sense throughout. Any brand of reasoning 
that employs more than three terms is not syllogistic. For 
example, relational arguments are not yllogistic. If, in proper 
syllogistic reasoning, our terms are ambiguous, we have not 
three but at least four, and are guilty of the fallacy of four 
terms (quaternio terminorum). 

(2) The middle term must be distributed at least once in the 
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premises. The fallacy that results from a failure to distribute 
the middle term is called undistributed middle. 

(3) No term should be distributed in the conclusion, which 
was undistributed in the premises. We commit the fallacy of 
illicit major or illicit minor, depending upon the premise in 
which the term is found, which is used distributively in the 
conclusion. 

(4) No conclusion follows from two. negative premises. 

(5) If the conclusion is negative, one of the premises must 
also be negative. 

(6) Noconclusion can be drawn from two particular premises. 
Particular premises do not afford a supply of distributed terms 
adequate to avoid either illicit process or undistributed middle. 

(7) If one premise is particular, the conclusion must also be 
particular. 

Some of the rules of the syllogism may be presented graphi- 
cally, thereby making the relations expressed appear more vivid. 

The first rule does not bear on the relation between the terms 
or on their distribution, but bears on the structure of the syllo- 
gism itself. The rule, therefore, does not yield to spatial rep- 
resentation. The point to be careful about is to see that all 
terms, and especially the middle, are used in an unambiguous 
manner. When more than three are used, we are not reasoning 
syllogistically. Using the symbols M, S, and P, our syllogism 
becomes : 

P M is P ; 
MN Sis i; 


Therefore S is P. 


FicureE VIII 


This is a syllogism of the first figure ' whose axiom is the cele- 


1 The four figures of the syllogism are treated in Ch. XII 
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brated dictum de omni et nullo of Aristotle — what is said of 
alland none. What is said of a class is said of all the members in 
the class, and what is denied of a class is denied of all the mem- 
bers in the class. The above syllogism (or what might better 
be called a syllogistic function) represents the form of any valid 
syllogism of the first figure. 
Rule two relates to undistributed middle terms. Let us as- 

sume that 

PisM 

Sis M. 
Can we conclude that S is P? The middle term is M. In 
neither premise is it distributed since A propositions do not 
distribute their predicates. This lack of mediation may be 
shown by diagrams. There may be no connection between 
S and P as shown in the diagram. Then there may be con- 
nection between S and P as shown by the following diagrams: 


FicurE IX 


There is no way of knowing by the form alone which of the three 
diagrams harmonizes with the facts of experience. We must 
know the content, the immediate setting and circumstances 
before we are able to judge. The content is furnished by ex- 
perience, by thinking. From the formal standpoint all we can 
say is that arguments are invalid when the middle term in un- 
distributed. If any argument happens to be valid it is because 
of the content. 


MEDIATE INFERENCE 139 


The third rule whose violation entails the fallacy of Illicit 
Process may be represented thus: 


PB 
S 
M 


FIGURE X 
M is P; 
Mis Se 
Therefore S is P. 
It is possible that S is P is true, z.e., an example could be found 
in which it is adequate to experience; but it is not true univer- 
sally, as the second set of circles show. The illicit process in 
the above example connects with the minor premise. 
All M is P; 
NoS is M; 
Therefore No S is P 
illustrates an illicit major. The diagrams are as follows: 


 @ Oo 


FicurE XI 


The fourth rule — concerning conclusions from two nega- 
tives — may be illustrated as follows: 


Ooo eo©8 ®%®© 


Ficure XII 


S may take any one of the positions as indicated in the dia- 
grams. 
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Enough has been said of rules and their demonstration by 
diagrams to enable the student to continue with the others. 
The problems that accompany the chapter involve points that 
make these illustrations and the rules of the syllogism more 
vital. 

Value of the Syllogism. In the actual thinking out of a 
problem, in the solution of a difficulty, we do not proceed syllo- 
gistically as is obvious. The syllogism represents rather the 
form our conclusions take. It is a device which is useful in 
testing our conclusions, our portions of knowledge. It is a 
means of introducing rigor into our thoughts. Much discus- 
sion has centered on the question as to whether anything new 
can be discovered by the syllogism. In the examples we have 
used, such as ‘‘ All men are mortal,” etc., it is obvious that 
‘‘ Socrates is mortal’? must have been known before we are 
able to assert that all men are mortal. While nothing new can 
be established in this manner we are able to see better the re- 
lations that obtain among the fragments of our knowledge. 
John Stuart Mill suggests that the real inference comes at the 
point of determining whether or not the minor is actually a 
case of the major. Take such an example as the following: 


All men convicted of murder should be punished ; 
John Jones was convicted of murder; 
Therefore John Jones should be punished. 


The real job, as is evident, is to see whether or not Jones 
is guilty of murder, and to determine this fact we have the 
machinery of the courts. 

The chief criticism of syllogistic reasoning has resulted as 
a consequence of a misunderstanding of what could be done 
with the syllogism.' Claims too extravagant have been made, 


1 (The older mathematician) “believed that the traditional logic, come down from 
Aristotle, was the absolutely perfect machinery for what was involved in the axioms 
. . . they believed that, in order that a given branch of mathematics should contain 
truth and nothing but truth, it was sufficient to find appropriate axioms (major prem- 
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and to counteract them equally extravagant claims have been 
made. Although all deductive reasoning is not syllogistic, 
as has been taught for many years, much of deductive inference 
may be stated in syllogistic forms. We remember that the 
deductive or product or thought aspect of logic is extremely 
important, since it is through deductive procedure that we 
test our arguments, organize our knowledge into systems, and 
reach conclusions which demand factual or experimental veri- 
fication. The place of deduction in its various forms in the 
larger process of problem-solving is often emphasized in the 
chapters which follow.! 


PROBLEMS 


1. Of what more general type of relations is the relation of inclusion a 
case? Of exclusion? 

2. Fundamentally what is it in the syllogism that is the basis of the 
inference? 

3. What fact gives origin to the various kinds of syllogism? What are 
the kinds? Give original examples, 

4. What are some of the values of the syllogism? Its limitations? 

5. Illustrate by diagram as many of the rules of the categorical syllogism 
as admit of such representation. 

6. Give an example of your own illustrating the fallacy of illicit major. 
Of illicit minor. 

7. Show how rule 6 can be demonstrated by means of the preceding 
rules. 

8. If one premise is particular, why is it necessary that the conclusion 
be particular? 


ises) and then, by the engine of deductive logic, to explicate their meaning or content. 
But this simple procedure was found to be inadequate, with the result that a logical 
‘emancipation’ occurred.” ‘‘The emancipation of logic from the yoke of Aristotle 
very much resembled the emancipation of geometry from the bondage of Euclid; 
and, by its subsequent growth and diversification, logic, less abundantly perhaps 
but not less certainly than geometry has illustrated the blessings of freedom.”” Key- 
ser, C. J., The Human Worth of Rigorous Thinking, Columbia University Press, 1916, 
pp. 220 and 223. 
1See treatment of the Hypothesis, Ch. XIX. 


142 TEXTBOOK OF LOGIC 


g. Criticize the following arguments : 
(a) allaisb; (0) all ais b; (c) allaisb; (d) someaisb; 
all is.cs all c is b; no aisc¢; no aisc; 
“. all is a. ae alle 1Shd “. nocisb. .. some c is not b, 
to. Criticize the reasoning in the following: 
(a) “If two propositions P and Q together form a third R, it is plain that 
P and the denial of R prove the denial of Q. For P and Q cannot be true 
together without R. Now, if possible, let P (a particular) and Q (a uni- 
versal) prove R (a universal). Then P (particular) and the denial of R 
(particular) prove the denial of Q.” 
(b) Given A is B, to prove B is A. 
B is either A or not A. 
If B is not A, then by what is given we have the syllogism: 
A is B. 
B isnot A. 
A is not A, which is absurd. (H) 
(c) All triangles are figures = T = ¢F. 
All quadrangles are figures = Q = gF. 


Whence F = £ or gT = 10. 


11. Reduce to syllogistic form if possible. State kinds of propositions 
involved (A, £, J, or O). Are the arguments valid? If not, what rules do 
they violate? 

(a) “If an animal can be trained,” says Loeb, “‘if it can learn, it possesses 
associative memory.” Seals and dogs can learn, and it must follow that 
they possess associative memory. 

(b) The atomists of the ancient world taught that all knowledge comes 
through the channel of the senses. We have a knowledge of the relation 
between the whole and its parts, which necessarily must have come through 
the senses. 

(c) To settle the differences between the fundamentalists and the mod- 
ernists in respect to religious ideas, resort should be had to conferences, since 
they have always resulted in compromises satisfactory to both sides. 

(d) Democrats in general are free traders. We may expect the members 
of congress from Louisiana to be strong for free trade since they are strong 
democrats. 

(e) It is known that the density of the whole earth is about 5.52 times 
that of water, and that the average density of surface rocks is only about 
2.7. Therefore there must be something heavier on the inside of the earth. 

12. What premises are necessary to support the following conclusions : 

(a) Men sometimes go into bankruptcy ; 
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(6) John is a republican; 

(c) The nebular hypothesis is gradually yielding to the planetesimal ; 

(d) Jennings’ researches indicate that the paramecium has consciousness ; 

(e) Life does not exist on the planet Mercury ; 

(f) Not all that glitters is gold; 

(g) Ship telegraph stations interfere with broadcast reception ; 

(%) Foreign-born mothers in the United States have 33% more children 
than native born? 

13. Point out which of the following pairs of premises will give a syllo- 
gistic conclusion, and name the obstacle which exists in the others: 

(a) No A is B; some B is not C. 

(b) No A is B; some C is not B. 

(c) All Bis not A; some not A is B. 

(d) Some not A is B; no Cis B. 

(e) All not Bis C; some not A is B. 

(f) All A is B; all not Cis B. 

(g) All not B is not C; all not A is not B. 

(h) All A isnot B; no Bis C. 

(@) AllCisnot B; noAisnot B. (J) 
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CHAPTER XI 


MEDIATE INFERENCE IN CONDITIONAL 
SYLLOGISMS 


CoNDITIONAL syllogisms employ as a major premise either an 
hypothetical or a disjunctive proposition. When the minor 
premise is a categorical proposition, we have an hypothetical 
or a disjunctive syllogism, depending upon the kind of propo- 
sition in the major premise. When the minor is a disjunctive 
proposition and the major an hypothetical, we have a form of 
conditional argument which is called the Dilemma. Thus we 
have in all the following syllogistic forms: 


a. Categorical ! 
b. Conditional 
1. Hypothetical 
2. Disjunctive 
3. Dilemma 


1. The Hypothetical Syllogism is a form of conditional argu- 
ment in which the major premise is an hypothetical proposition 
and the minor a categorical. The hypothetical major, gram- 
matically considered, is a complex sentence, the principal clause 
of which is known in logic as the consequent, and the subordinate 
clause as the antecedent. ‘“‘ If he knows the password, he will get 
in,” is a complex sentence, the antecedent being “‘ if he knows 
the password,” the consequent, “he will get in.” The business 
of the categorical minor is either to affirm the antecedent or deny 
the consequent. In the former case the syllogism is said to be 
constructive, or in the modus ponens; in the latter, destructive, 
or in the modus tollens. 

1 Treated in Chs. X and XII. 
144 


INFERENCE IN CONDITIONAL SYLLOGISMS 145 


The axiom of the hypothetical syllogism is known as the Law 
of Reason and Consequent — “ the truth of the consequent 
follows from the truth of the antecedent, and the falsehood of 
the antecedent from the falsehood of the consequent.” The 
axiom is an affirmation of the prevalence of order in our world 
of things and theories. 

The Problem of Reduction. The tendency has been to reduce 
arguments to forms that seem more valid and that appear more 
easily demonstrated. ‘This is seen in the tendency to reduce the 
various figures of the syllogism to the first or perfect figure, and 
in the attempt to reduce hypotheticals to categoricals. It will 
be recalled from our discussion of propositions that the hypo- 
thetical represents a more closely knit and intimate knowledge 
of things and relations than does the categorical.! The former 
represents knowledge of systems of order, while the latter may 
represent conventions, habits, and prejudices. But the tend- 
ency has been, nevertheless, to reduce the former to the latter. 
The reduction consists generally in a statement of a relation in 
terms of classes. The following example illustrates the process: 

If the strike continues coal will be high this winter ; 


The strike will continue; 
Therefore coal will be high this winter. 


As stated in hypothetical form, this shows a relation between 
events and involves a knowledge of a system of order. Stated 
categorically we have: 


All instances of the continuation of strikes are instances of high prices for 


coal ; 
This is an instance of the continuation of a strike; 
Therefore this is an instance of high prices for coal. 


As stated this admits of diagram in Figure I.? Practically, the 
hypothetical form as in this example needs no reduction either 
1 Hypothetical arguments are in reality not syllogistic. There is no middle term 


and the relations may be other than inclusion and exclusion. 
2 See Ch. XII for Figures. 
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for elegance or for increasing its validity; theoretically, the 
question of reduction hinges on the possibility of reducing re- 
lations to classes. 

Recalling our treatment of terms, it was pointed out that 
the latter have both extension and intension. ‘The logic of the 
class proposition and of the categorical syllogism is based on 
extension or denotation, and the further unconscious assump- 
tion that all classes have members (at least one). When we 
assert, “‘ These men are Americans”? we mean primarily to 
place them in a given class — to identify them; when we say, 
however, ‘‘ Diligent men are prosperous,” our aim is not to 
identify ‘ diligent men,’ it is not to place them in a class, ‘ pros- 
perous’; but the purpose is to assert a necessary connection 
between diligence and prosperity. The latter proposition is, 
in form, categorical, but in intent it is hypothetical. The 
assumption in both propositions as they have been stated is 
that there are men who may be placed in the class ‘ American,’ 
and that there are people who are diligent and prosperous. In 
genuine hypothetical reasoning, however, reference to the exist- 
ence of the particular things denoted by the terms is reduced 
to a minimum. In fact, the “ existence postulate” may be 
lacking wholly. Since the categorical proposition deals with 
things and their attributes or qualities, the assumption is that 
such things actually exist; but the hypothetical, which asserts 
connection between meanings, need not make this assumption. 
Meanings do not possess the same kind of existence as physical 
objects. 

The sign of the relation of implication is “If... Then...” 
If something is so and so, then something else must be so and 
so. There is no assertion to the effect that something is so and 
so, but the proposition asserts that 7f it were so, then some- 
thing else follows. If two straight lines bisect each other, the 
vertical angles are equal. We have not here asserted the exist- 
ence of the lines, etc., but a necessary connection between line 
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bisectors. Hypothetical reasoning thus deals with meanings, 
with intensions, and not with extensions. The ground of the 
inference is ultimately the system of order determined by the 
relations in question. Precisely what facts, what actual things 
partake of the nature of the system of order, it is the business 
of practice, experience, and experimental science to determine. 
By the hypothetical method Einstein deduced that light pass- 
ing the sun would be deflected from the so-called ‘ straight line,’ 
and would describe a curve. This was a deduction from his 
assumptions. It was the business of astronomers to see whether 
this actually happened, and by looking they found the implica- 
tion of his assumptions verified in fact. 

The hypothetical proposition represents a step away from 
concrete, objective reality towards the implications of assump- 
tions derived from an examination of that same objective real- 
ity! In the beginnings of individual as well as of scientific 
experience, interest is in immediate objects and events that are 
present in the perceptual experience of the individual. What 
is this or that? This is the question of the child as well as of 
the scientist in a novel field. ‘‘ This is a horse, or that is a 
‘ calorific ’ body,”’ explains equally well for both the child and 
the early classificatory scientist. When we have reached the 
stage that something given is the sign of something else, we have 
passed the stage of mere classification, and are ready to em- 
bark on the hazardous journey in quest of genuine knowledge. 

Rules of the Hypothetical Syllogism. To draw a valid con- 
clusion the antecedent must either be affirmed by the cate- 
gorical minor, or the consequent denied by the categorical 
minor. The fallacies involved are known respectively as deny- 
ing the antecedent and affirming the consequent. Suppose we 
are given the following major premise: If the patient takes this 
medicine, he will recover. What conclusions are possible, 7.e., 
valid, when we use as minor premises each of the following 


1 Compare with the treatment of Types of Propositions, Ch. IV. 
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possible premises: he took the medicine, he did not take the 
medicine, he recovered, he did not recover? The first leads 
to the valid conclusion, the patient recovered ; the second leaves 
us in doubt as to his recovery ; the third also leaves us in doubt ; 
the fourth, to the conclusion that the patient did not take the 
medicine. In the first, the antecedent is affrmed; in the 
second, the antecedent is denied; in the third, the consequent 
is affirmed ; in the fourth, the consequent is denied. 

It should be observed that a fallacy in the hypothetical 
syllogism takes on the form of a corresponding fallacy in the 
categorical syllogism, when the former is transformed into the 
latter. An argument which is fallacious in one form is, of 
course, fallacious in the other. We cannot remove a fallacy 
by shifting the argument from one form to another. In the 
hypothetical syllogism, 

If a man is diligent, he is prosperous, 
John is diligent, 
Therefore he is prosperous ; 
if we, instead of affirming the antecedent, should deny it, com- 
mitting the fallacy of ‘‘ denying the antecedent,” we have, when 
this is translated in terms of the categorical syllogism, committed 
the fallacy of “illicit major.’”’ Let us note how this occurs: 
All diligent men are prosperous, 
John is not a diligent man, 
Therefore John is not prosperous. 
When we affirm the consequent, the corresponding fallacy 
in the categorical syllogism is that of “‘ undistributed middle.” 
In the example, 
All diligent men are prosperous, 
John is prosperous, 
Therefore he is diligent ; 

we see this exemplified. 

Let us examine the following hypothetical syllogisms in the 
light of the rules governing the validity of such syllogisms: 
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If a triangle is equilateral, it is equiangular. Let us affirm the 
antecedent — it is equilateral — and the consequent is that it 
is equiangular. Let us deny the antecedent — it is not equi- 
lateral — and the consequent is that it is not equiangular. If 
we affirm the consequent — it is equiangular — the conclusion 
is that it is equilateral. Finally, if we deny the consequent — 
it is not equilateral — the conclusion is that it is not equiangular. 
It is obvious that all the conclusions above are valid. If we 
examine the major premise carefully, we find that the proposi- 
tion can be converted simply. Such propositions as admit of 
simple conversion yield valid conclusions throughout the range 
of the four possible assertions, 7.e., of affirming the antecedent, 
of denying the antecedent, of affirming the consequent, and of 
denying the consequent. 

Mathematical, physical, and chemical equations, geometric 
definitions, and the like, are examples of statements that admit 
of simple conversion. Thus, take the definition of the circle—a 
plane figure bounded by a curved line all parts of which are 
equidistant from a point called the center. Transform the 
proposition into the hypothetical form, and we have, ‘ If a figure 
is bounded by a curved line each part of which is equidistant 
from a point called the center, it isa circle.’ When we assert each 
possibility in turn — it is a circle, it is not a circle, it is bounded, 
etc., it is not bounded, etc. — we have valid conclusions. 

In all such propositions it is not the form alone which permits 
the inference, but it is the content. The form of the hypo- 
thetical proposition is “if . . . then . . .” — this is the sign of 
implication. In propositions such as those above, our knowl- 
edge is not all contained in the premises — we know more than 
the premises contain. Such knowledge is the result of experi- 
ence, but it is a question as to the origin of the knowledge of the 
formal principle of implication itself. The form of the proposi- 
tion admits of two valid conclusions only, namely, that reached 
by affirming the antecedent, and that by denying the consequent. 
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Let us say that any consequent may have many antecedents, 
but every antecedent has one consequent. This statement is 
general, i.e., it holds in all cases, but there are cases in which a 
consequent has but one antecedent — cases which permit of 
simple conversion of the major premise. Because any conse- 
quent may have several antecedents, it is, formally, a fallacy 
to deny the particular antecedent in the premise — another 
antecedent may be responsible for the consequent. By affirm- 
ing the consequent in the given premise, we also commit a fallacy 
for the same reason — another antecedent not specified or desig- 
nated in the major premise may be responsible for the conse- 
quent. Since, however, we assume that every antecedent has 
one consequent, it follows that by affirming that antecedent we 
reach a valid conclusion which is the affirmation of the conse- 
quent of the major premise. Also, since a consequent may have 
several antecedents, it follows that denying the particular con- 
sequent given in the major premise implies the denial of the 
antecedent of the major premise. 

In those cases in which the antecedent and the consequent 
are equivalent or interchangeable, as in the geometric definition 
given above, we are able to convert simply. “If the triangle 
is equiangular it is equilateral’ may be converted simply into 
“Tf the triangle is equilateral it is equiangular.”’ But the simple 
conversion of an hypothetical proposition is generally invalid. 

We may, however, interchange the antecedent and the con- 
sequent of an hypothetical proposition by a process known as 
conversion by negation or by contraposition. ‘This is illustrated 


in the following: 
Ti xis y, zis w; 
If z is not w, x is not y. 
Or 
If the man is an American, he is sympathetic with her institutions; 
If the man is not sympathetic with her institutions, he is not an American. 


A rule for the contraposition of an hypothetical may be stated 
as follows: “‘ State the given antecedent and consequent nega- 
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tively, and then interchange them.” By this rule a syllogism 
in modus ponens may be reduced to the form of modus tollens 
or vice versa, a fact which suggests the close relationship between 
the two forms. For example: 


Modus Ponens Modus Tollens 

If xis y, zis w; If xis y, zis w; 
xis y; zis not w; 
Therefore z is w. Therefore x is not y. 


Let us now state these so that the major premise of each is the 
contrapositive of the major of each of the two just given. 


Modus Tollens Modus Ponens 
Tf z is not w, x is not y; If z is not w, x is not y; 
xis y; zis not w; 
Therefore z is w. Therefore x is not y. 


2. The Disjunctive Syllogism. This is a form of argument 
in which the major premise is a disjunctive proposition and the 
minor a categorical. The minor premise must either affirm 
one of the alternatives in the major, or deny one of the alterna- 
tives in the major. When the first occurs, we have a mood of 
the disjunctive syllogism known as modus ponendo tollens, the 
mood which denies by affirming; when the second, the modus 
tollendo ponens, the mood which affirms by denying. 


A is either B or C; 
AisB; 
Therefore A is not C. 
Or Modus ponendo tollens. 
A is either B or C; 
AisC; 
Therefore A is not B. 
A is either B or C; 
A isnot B; 
Therefore A is C. 
Or Modus tollendo ponens. 
A is either B or C; 
A is not C; 
Therefore A is B. 
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These examples are simple and the conclusions easily drawn. 
This in fact is true of much of formal inference. The real job 
here, as in the categorical syllogism, is to discover the premises — 
to determine the major premise involves a wide field of knowl- 
edge of the relations between things; and to determine the 
minor, an exact knowledge, gained by experiment or through 
practical experience, of the precise connection between objects, 
terms, classes, or events. When this information which makes 
possible a statement of the premises of a disjunctive syllogism 
is gained by thinking, we are able to express the results in the 
language of thought, and to deduce from the latter other con- 
clusions not patent. 

The disjunctive syllogism is more nearly in categorical form 
than is the hypothetical, but the relations expressed are asserted 
not categorically in the major but conditionally. Other forms 
of relationship may, however, be expressed readily in these 
syllogistic forms. 

The Axiom of the Disjunctive Syllogism. If one of the al- 
ternatives of the complete disjunction is affirmed, this is the 
equivalent of denying the other. The crux of the matter lies 
in complete disjunction. The stock example of incomplete 
disjunction is, ‘‘ He is either a fool or a knave.” In fact he 
may be both. If we say of a man who is a church member that 
he is either a catholic or a presbyterian, we readily see the lack 
of complete disjunction, or rather lack of complete enumeration 
of possibilities, since he may be a member of one of the other 
numerous classes. The fallacy is known as Incomplete Dis- 
junction, or Incomplete Enumeration. 

[For formally correct reasoning it is essential that the major 
premise of the disjunctive syllogism be not merely alternative, 
but disjunctive — the classes symbolized by the terms must be 
mutually exclusive. Using the example above, “ This church 
member is either a catholic or a presbyterian,” we note readily 
the failure to make complete enumeration of possibilities. If 
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it were true that he actually is one or the other, the affirmation of 
one carries with it the denial of the other; but the major need 
not be true. What is demanded in formal logic is such a state- 
ment of form that inference is possible from that alone and 
not in any way dependent upon the material that enters the 
forms. 

[It is true perhaps in a sense that catholic and presbyterian 
are contradictory terms — true in the sense that one would not 
be a member of both groups, but it is not true in the essential 
formal sense that they divide the “ universe of discourse ” into 
two mutually exclusive classes. The true contradictory of 
catholic is non-catholic. Presbyterian happens to be a sub-class 
of the class non-catholic. 

[If, on the other hand, our major premise is such as, “‘ He is 
either an honest man or a public official,” the difficulty lies not 
in the practical fact that he would not be a member of both 
classes, but in the fact that he could well be in both classes. 
The classes have members in common, 7.e., they are not mutually 
exclusive. Their extensions overlap, but one does not imply 
the other. 

[Modus ponendo tollens is valid only when the major premise 
expresses a true disjunction; modus tollendo ponens, only when 
the major premise enumerates completely all the possibilities 
in the “ universe of discourse.’’] 

3. The Dilemma. An argument which is made up of a com- 
plex hypothetical proposition as a major premise, and a dis- 
junctive as a minor, is called a dilemma, ‘“ which,” as Schiller 
says, “is the prettiest and dialectically the most effective form 
of conditional reasoning.” ! The dilemma is a weapon of argu- 
mentation, and when properly constructed is very effective. 
The danger in its use lies in the fact that it is not easy to con- 
struct a perfect one, and the disputant is often “ hoist by his 
own petard.” 

1 Schiller, Formal Logic, p. 227. 
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Kinds of Dilemma. A dilemma is said to be constructive 
when the antecedents of the hypothetical major are affirmed by 
the minor. It is said to be destructive when the consequents of 
the hypothetical major are denied. 

A dilemma is said to be simple when the consequents are the 
same for both antecedents; it is complex when the consequents 
are not the same. The following is an example of a simple con- 
structive dilemma : 

If ais b, then cisd; if eisf, thenc isd. 


But either a is b or eis f. 
Therefore c is d. 


The following example is often given: 


If a man acts in accordance with his own judgment he will be criticized ; 

If he is guided by the opinions and rules of others he will be criticized ; 

But he must either act in accordance with his own judgment or be guided 
by the opinions and rules of others; 

Therefore in any case, he will be criticized. 


A complex destructive dilemma is represented symbolically 
as follows : 

Tfaisb,cisd; ifeisf, gish. 

Either c is not d, or g is not h. 

Therefore either a is not 3, or e is not f. 


An ancient example is the following: 


If this man were wise he would not speak irreverantly of the scripture 
in jest; 

If he were good he would not do it in earnest ; 

But he does it either in jest or in earnest ; 

Therefore he is either not wise or not good. 


Ways of Meeting Dilemmas. Three ways of meeting di- 
lemmas are recognized. The first is by escaping between the 
horns. This method consists in showing that the alternatives 
are not exhaustive — that there is some other way, a middle 
ground, out of the difficulty. The second is to construct an- 
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other dilemma with a contradictory conclusion. The third, 
called taking the dilemma by the horns, is to accept the alterna- 
tives and show that the conclusions do not follow. 

We give the celebrated example of Protagoras and his pupil 
Euathlus to illustrate the second method of meeting a dilemma. 
Examples of the other ways should be constructed by the stu- 
dent. Euathlus, the pupil, had promised Protagoras, the great 
Greek sophist, half the tuition fee for instruction in the art 
of argumentation when Euathlus had finished the course, the 
other half to be paid when he had won his first case in court. 
Euathlus, after finishing the course, failed to try any cases in 
the courts. Protagoras became suspicious, and feared he would 
never collect the last half of hisfee. He compelled Euathlus to 
appear in court by bringing suit against him for the remainder 
of the fee. Protagoras brought in the following dilemma: 


If Euathlus loses this case, he should pay me because the court has given 
judgment against him; 

If he wins the case, he should pay by virtue of his original contract with 
me; 

But he must either win the case or lose it; 

Therefore he should pay. 


Euathlus showed that he had learned the lessons well, for he 
replied with the following dilemma : 


If I win this case, I should not pay because the court has decided in favor 


of me; 

If I lose, I should not pay in accordance with my original agreement with 
Protagoras ; 

But I must either win or lose ; 

Therefore I should not pay. 


The judges, so the account runs, not disturbed by the subtleties 
of the arguments, and possessing a keen sense of humor, decided 
to postpone judgment for a hundred years. 

As will be observed in this pseudo-dilemma, two standards of 
reference are employed — one, the judgment of the court; the 
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other, the terms of thecontract. By the latter there is no ground 
of action since Euathlus has not won a suit. Hence, the court, 
if it decided on the basis of the contract, would dismiss the case. 
But if the intention of the contract rather than its form be con- 
sidered, that is, if the court had decided from the standpoint 
of equity rather than strict law, then the terms of the original 
agreement could not be urged, but only the standard of the judg- 
ment of the court. The point is that only one standard may 
be employed, and when this is decided upon, any other may 
not be urged logically. 


PROBLEMS 


1. Write an example of each of the conditional forms of argument. 

2. What purpose lies back of the tendency to reduce all forms of argu- 
ment to the first figure of the categorical syllogism? Is this purpose accom- 
plished by reduction ? 

3. Write original examples of the two moods of the disjunctive syllo- 
gism. 

4. Construct a dilemma and show how it can be met. 

5. Use as a major premise: 

(a) If light has weight, it will be attracted towards the sun as it passes 
it, thus moving in a curved line. 
What valid conclusions follow when each of the following is used as a 
minor premise : 
1. Light has weight ; 
2. Light does not have weight ; 
3. Light is not attracted towards the sun as it passes it; 
4. Light is attracted towards the sun as it passes it. 
(b) If the Bible is infallible, the hare chews its cud (Report of a debate 
in the New York Times). 
1. The hare chews its cud; 
2. The hare does not chew its cud; 
3. The Bible is infallible ; 
4. The Bible is not infallible. 
(c) If the Mellon tax program is enacted into law by congress, taxes will 
be lowered. 
1. It was enacted into law; 
2. It was not enacted into law; 


INFERENCE IN CONDITIONAL SYLLOGISMS 157 


3. Taxes were lowered ; 
4. Taxes were not lowered. 

6. Examine the following arguments: 

(a) It is either raining or not raining. It is not raining, therefore it is 
raining. 

(b) The theory of evolution is either true or not true. It is not true, 
therefore it is true. 

7. Criticize the following argument: If we explain the world mechan- 
ically, we must admit that there is nothing essentially in evolution but the 
blind shifting of material particles in space, and thus nothing essentially 
new; if we explain it from the standpoint of purpose, 7.e., if we assume that 
everything happens according to a predetermined plan, we must also admit 
that nothing new can happen. But we must explain the world either from 
the standpoint of mechanism or from the standpoint of purpose. Hence 
nothing new can happen. 

8. Construct a counterdilemma, which is equally false, but contradicts 
the one asserted. £.g., “If you tell the truth, men will hate you; while 
if you tell lies, the gods will hate you; but you must either tell the truth or 
tell lies; therefore either men or the gods will hate you” can be refuted, so 
far as it is untrue, by “‘If I tell the truth the gods will love me, while if I tell 
lies, men will love me; but since I must either tell the truth or tell lies, either 
men or the gods will love me.” 

9g. Determine which of the following hypothetical arguments are valid 
and which invalid; then express the latter in the categorical form, pointing 
out what are the fallacies which result: 

(a) If a country is prosperous, the people will be loyal. The people of 
this country are loyal and therefore it must be prosperous. 

(6) If our rulers could be trusted always to look to the best interests 
of their subjects, monarchy would be the best form of government; but they 
cannot be trusted; therefore monarchy is not the best form of government. 

(c) If ye were Abraham’s children, ye would do the works of Abraham. 

(d) If man were not capable of progress, he would not differ from the 
brutes; but man does differ from the brutes, therefore he is capable of 
progress. 

(e) If he had studied his lesson, he would have been able to recite; but 
he was able to recite, and therefore must have studied his lesson. 

(f) If it becomes colder tonight, the pond will be frozen over; but it 
will not become colder tonight, therefore the pond will not be frozen over. (C) 

1o. Explain the statement that the hypothetical proposition represents 
a step away from concrete facts. Give examples. 
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11. Convert (simply or by negation as necessary) the following : 

(a) If the figure is not a square, it is a triangle; 

(b) If he is a man, he is mortal; 

(c) If blue litmus paper is introduced into a liquid containing acid, it 
will turn red ; 

(d) If we know the life history of the microbe carried by the flea that 
lives on the rat in mills of oriental countries, we are able to control bubonic 
plague. 

12. Formulate an example of an argument which is fallacious from the 
standpoint of incomplete disjunction. Incomplete enumeration. 
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CHAPTER XII 
FIGURES AND MOODS OF THE SYLLOGISM 


How Figures Are Determined. The figures of the categorical 
syllogism are determined by the position of the middle term.! 
In the first figure, the one usually employed for illustrative 
purposes, the middle term is the subject of the major premise 
and the predicate of the minor. In addition to this it is obvious 
that the middle term may take the following positions: predi- 
cate of both premises, subject of both, predicate of the major 
and subject of the minor. Let us express this in symbols, using 
M, S, and P, in the sense earlier specified. 


Fic. I Fic. I Fic. III Fic. IV 
MisP PisM Mis P PisM 
S isM SisM Mis S. MisS 
Sy ake ae Seisehs SiisiP: S is P. 


Reduction. The ancient conception of scientific method was 
that of classification, and the first figure of the syllogism was 
thought to be a perfect expression of this. Hence the axiom 
of the syllogism, the dictum de omni et nullo, that what is affirmed 
or denied of a class is affirmed or denied of all the individuals 
in the class, applied directly to the first figure. The idea of the 
perfect nature of the first figure led earlier logicians to a process 


1 The other so-called syllogistic forms, namely, the hypothetical and the disjunc- 
tive, do not possess middle terms, and therefore do not admit of figures. Assuming, 
however, that it is legitimate to reduce conditional syllogisms to categorical form, it 
is then possible to apply to conditional arguments the various operations that are 
performed on categorical syllogisms — they take the various moods and figures of 
the categorical syllogism. 
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known as reduction, i.e., stating arguments in any other figure 
in the forms of the first. The logicians of the middle ages 
devised a scheme for reduction which is given here not neces- 
sarily to be memorized, but to illustrate rather the reverence 
of the earlier thinkers for the device that was supposed to un- 
lock the mysteries of the rational universe. 


‘“‘ Barbara, Celarent, Darii, Ferioque prioris ; 
Cesare, Camestres, Festino, Baroko, secundae ; 
Tertia, Darapti, Disamis, Datisi, Felapton, 
Bokardo, Ferison, habet ; quarta insuper addit 
Bramantip, Camenes, Dimaris, Fesapo, Fresison.”’ 


“Unless one has a very facile memory, there is not sufficient 
value in the stanza to justify memorizing. It is interesting to 
see its construction and to realize how it is used. The vowels 
in the names give the moods. Thus ‘ Barbara’ is the AAA 
mood of the first figure. The words in genuine Latin indicate 
the figures. Suppose we select ‘ Disamis’ in the third line. 
Since it is in the third figure we must write it in logical symbols 
as follows: 

I. Some M is P. 
A. All MisS. 
I. Therefore some S is P. 


The first letter of each mood of the ‘ imperfect ’ figures indi- 
cates the corresponding valid mood of the first figure to which 
it can be reduced. Thus, ‘ Cesare’ and ‘ Camestres’ of the 
second figure are reducible to ‘ Celarent’ of the first. The letters 
s, m, and p also have their meaning for the process of reduction. 
Placed after a vowel, s indicates that the proposition repre- 
sented by the vowel must be converted simply; m (muta) in- 
dicates that the premises must be interchanged; while p shows 
that the proposition after which it is placed must be converted 
by limitation, or per accidens. An example of reduction will 
make this clearer. Take ‘ Disamis’ again. The initial letter 
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indicates that Darii is the corresponding mood of the first figure. 
TAT of the third figure becomes AJTI of the first figure by con- 
version of the major premise, and, finally, conversion of the 
conclusion to correspond to the transformation of the major 
term into a minor.” ! 

Relation of Figures to Forms of Argument. The first figure 
is the classificatory or subsumptive figure, the nature of which 
has had a remarkable influence in fashioning the ideals of science 
and scientific method. 

The second figure is the one into which arguments naturally 
fall, which draw negative conclusions, from the absence of cer- 
tain signs and symptoms. If we know that a certain fact is 
the sign of another fact not realized, we may conclude that the 
absence of the known fact signifies or suggests the absence of 
the unrealized fact of which the former is a sign. Suppose we 
know that all motors which lack oil and water, and which have 
carbon in the chambers, get hot when running. This motor, 
though running at average speed and under normal weather 
conditions, does not get hot. We assume then that it does not 
lack oil and water, and has no carbon in the chambers. This 
figure is spoken of as the figure of negative diagnosis. 

The third figure is called the inductive figure, since only par- 
ticular conclusions may be drawn. 

The fourth figure was not admitted by Aristotle as a genuine 
figure, but later it was admitted to full fellowship, probably 
first by Galen, the physician. 

Moods of the Syllogism. We have seen that the categorical 
syllogism is made up of three propositions of a possible four 
symbolized by A, Z,J,and O. The question arises, How many 
possible arrangements of three propositions at a time can be 
made out of four different ones? This question gives origin to 
the moods of the categorical syllogism. There are 64 arrange- 
ments possible, some of which are valid and some invalid ; some 

1 Sellars, zbid., pp. 123-4. 
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valid in one figure and invalid in others, etc. The sixty-four 
moods are as follows: 


AAA AEA AIA AOA EAA EEA EIA EOA 
AAE AEE AIE AOE EAE EEE EIE EOE 
AAI AEI -AII AOI EAI EE! EII EOI 
AAO AEO AIO AOO EAO EEO EIO EOO 


IAA IEA IIA{IOA OAA OEA OIA OOA 
IAE IEE IIE I0OE OAE OEE OIE OOE 
IAI 1EI. TH, IO] -OAl ORT (OLP 3008 
IAO IEO IIO I00 OAO OEO OIO OOO 


As methods of determining the valid moods of the categorical 
syllogism there are two, namely, (a) by applying the rules of 
the syllogism, and (5) by a consideration of the possible conclu- 
sions from combinations of two propositions at a time in each 
of the four figures. The latter method leads to special rules for 
each figure. The better method is to use the rules of the syllo- 
gism. By this method we discover that there are eleven valid 
moods, but they are not all valid in all the figures, 7.e., all of 
the eleven valid moods will not be found to be valid in each of 
the four figures — some are valid in one figure, some in another. 
We have not indicated by crossing out, as is usually done, the 
invalid moods, but leave that to the student who will be able 
to determine for himself which eleven of the possible sixty-four 
are valid, z.e., do not violate any of the rules of the syllogism. 

[When we arrange the eleven valid moods in the form of the 
first figure we have the following: 


A All Mis P A AllMisP A AllMisP A AllMisP 
A Al Sis M A AllSis M E NoSisM I Some S is M 
A All SisP I Some S is P E NoSisP I Some S is P 
A All M is P E No MisP E NoMisP 

O Some Sisnot M@ A AllSisM I Some S is M 


O Some SisnotP ENoSisP O Some S is not P 
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I Some M is P O Some MisnotP A All MisP 

A AllSisM A AllSis M E NoSisM 

I Some S is P O Some Sisnot P O Some S is not P 
E NoMisP 

A Al SisM 


O Some S is not P 


[Application of the rules of the syllogism to the above will 
disclose that A EE, A EO, and AOO are invalid because of illicit 
majors; and that JAJ and OAO are invalid because of undis- 
tributed middles. 
~ [By inspection of the valid moods in this figure it is possible 
to formulate the following rules: 

1. The major premise must be universal ; 

2. The minor premise must be affirmative. 

[Arranging the valid moods in the form of the second figure 
— that of ‘ negative diagnosis,’ we have the following : 


A All P is M A AllPisM A AllPisM A AllPisM 
A All Sis M A All Sis M E NoSisM I Some Sis M 
A AllSisP I Some S is P E No SisP I Some S is P 
A All PisM E NoPisM E NoPisM 

O Some SisnotM A AllSisM I Some S is M 

O Some SisnotP E NoSisP O Some S is not P 

I Some P is M O Some PisnotM A AllPisM 

A All Sis M A All Sis P E No Sis M 

I Some S is P O Some SisnotP O Some S is not P 

E NoPisM 

A AllSis M@ 

O Some S is not P 


[The invalid moods are AAA, AAI, AII, IAI, and OAO. 
The last one involves the fallacy of illicit major, the others 
that of undistributed middle. 

[Inspecting the valid moods of the second figure we may 
formulate the following rules: 

1. The major premise must be universal ; 

2. One premise must be negative. 
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[Let us arrange the eleven valid moods in the form ofthe 


third figure : 

A All Mis P A All Mis P A All M is P A All MisP 
A All MisS A Al Mis S E NoMisS I Some Mis S 
A All Sis P I Some S is P E NoSisP I Some S is P 
A All MisP E NoMisP E NoM is P I Some M is P 
O Some MisnotS A All MisS I Some M is S A Al MisS 
O Some SisnotP E NoSisP O Some SisnotP JI Some Sis P 
O Some MisnotP A All MisP E NoMisP 

A All Mis S E NoMisS A AllMisS 

O Some SisnotP O SomeSisnot P O Some S is not P 


[The invalid moods of the third figure are AAA and EAE, 
due to illicit minor; AEE, AHO, and AOO, to illicit major. 

The following rules may be determined by inspection : 

1. The conclusion must be particular ; 

2. The minor premise must be affirmative. 

[Aristotle, as has been said, did not admit the fourth figure. 
He considered it an awkward variety of the first. We shall 
not write it out in full, but will state the invalid moods of the 
figure and the rules governing it. 

[AAA and EAE are invalid because of illicit minor; OAO, 
illicit major; AJJ and AOO, undistributed middle. The rules 
for this figure follow : 

1. If the major premise is affirmative, the minor is universal ; 

2. If the major premise is particular, the minor is affirmative ; 

3. Ifeither premise is negative, the major premise is universal ; 

4. If the minor premise is affirmative, the conclusion is par- 
ticular ; 

5. A universal affirmative conclusion cannot be drawn.] 

Moods of Conditional Arguments. There are two ways of 
making an assertion in the hypothetical syllogism and a like 
number in the disjunctive. In the former we may affirm the 
antecedent or deny the consequent. In the latter we may either 
affirm one member of the disjunction or deny one. These ways 
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of assertion (and denial) give origin to the moods of hypotheti- 
cal and disjunctive arguments. 

The two moods of the hypothetical syllogism are the modus 
ponens, the mood which results from affirming the antecedent ; 
and the modus tollens, which results from denying the conse- 
quent. The examples symbolize the modus ponens and the 
modus tollens respectively. 


If ais b,cisd; If ais b, cisd; 
ais b; cis not d; 
Therefore c is d. Therefore a is not b. 


The moods of the disjunctive syllogism are the modus tollendo 
ponens, the mood which affirms by denying; and the modus 
ponendo tollens, the mood which denies by affirming. The 
examples represent the forms in the order named. 


a is either b or c; a is either 0 or c; 
a is not b; ais b; 
Therefore a is c. Therefore a is not c. 
PROBLEMS 


1. Write out the 64 possible arrangements of propositions. Apply 
the rules of the syllogism to determine the moods which do not violate any 
of the rules, z.e., to determine the valid moods. 

2. Arrange the moods left after the operation in problem 1 in accord- 
ance with the scheme of the first figure, and determine the valid moods in 
this figure. 

3. Formulate rules for the first figure. 

4. Demonstrate by means of the rules of the syllogism the two special 
rules formulated in problem 3. 

5. Problems 2, 3, and 4 may be carried out in the other figures. 

6. Illustrate by diagrams the four figures of the categorical syllogism. 

7. Why is JE an inadmissible while EJ is an admissible mood in every 
figure of the syllogism? 

8. Why is it impossible to have an A conclusion in any figure except 
the first ? 

9. What kinds of propositions cannot be proved in the second, third, 
and fourth figures respectively? What reasons do you give for the answers? 
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1o. In a valid syllogism the major premise and the conclusion agree in 
quantity but differ in quality. Determine the mood and figure of such 
syllogism. 
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CHAPTER XIII 


MEDIATE INFERENCE IN PARTIAL AND 
EXPANDED SYLLOGISMS 


WE have already said that the vehicle of traditional mediate 
inference is the syllogism. We have now traced it through its 
various forms, the categorical and conditional, and through its 
figures and moods. We now come to the ways the syllogism is 
generally used in common arguments. These ways do not in- 
troduce any new forms of syllogism or new moods or figures, but 
they show the syllogism as it functions in our everyday argu- 
ments. They show the ways we go about to state our conclu- 
sions so that they are intelligible and convincing, without carry- 
ing out in detail the exact forms prescribed by the logic of the 
syllogism. It is understood that these arguments are funda- 
mentally syllogistic. 

The forms which we shall consider in this connection are 
(1) Enthymeme, (2) Prosyllogisms and Episyllogisms, and 
(3) Sorites. 

(1) The Enthymeme is a name given to arguments of syllo- 
gistic nature when one of the premises or the conclusion is 
omitted. It is usually not difficult to supply the missing premise 

1It should be kept in mind that hypothetical, disjunctive, and relational argu- 
ments were reduced to syllogistic form, and that the various figures of the syllogism 
were reduced to the first or ‘perfect’ figure. It was because all arguments were 
thought to be reducible to the forms of the syllogism that we say the syllogism is the 
vehicle of traditional mediate inference. Mediate inference, however, takes place 
in other forms than the syllogism. In relational arguments, for example, the ground 
for the inference is the system of order generated by the relation involved. The 
mediator is not a term but a system of relations. The same may properly be said 
of conditional arguments. We have thought it best, however, to follow tradition 


and class conditional arguments as syllogistic. 
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or the conclusion. The enthymeme is of three kinds, depending 
upon what is omitted. If the major premise is omitted, it is 
said to be an enthymeme of the first order; if the minor is 
omitted, of the second order; if the conclusion, of the third. 

From the standpoint of effectiveness in discourse the enthy- 
meme is superior in general to the syllogism. The latter, in 
many cases, seems too rigid and pedantic, while the former con- 
forms sufficiently to traditional methods. Often it is useless 
to express all the parts of an argument since they can be supplied 
easily by the hearer. 

(2) The Prosyllogism and Episyllogism. One syllogism may 
prepare the way for another. Arguments may be carried on 
through several syllogisms by making the conclusion of one the 
premise of another, as 

all x is y; 
all zis x; 
Therefore all z is y. 


But all w is z; 
Therefore all w is y. 


The first of these syllogisms is called the prosyllogism and the 
second, the episyllogism. A concrete case may make this form 
of argument more intelligible. 


All good students soon understand the prosyllogism and episyllogism ; 

All students of logic are good students; 

Therefore all students of logic soon understand the prosyllogism and 
episyllogism. 

But many people in the University are students of logic; 

Therefore many people in the University understand the prosyllogism 
and episyllogism. 


In the above example the conclusion of the first syllogism is 
the major premise of the other. There are other forms of 
prosyllogism and episyllogism. One syllogism, for example, may 
have each of its premises established by another syllogism. A 
common example is the following : 
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Everything which is able to restrain trade is a source of 
danger ; 

Every monopoly is able to restrain trade; 

Hence every monopoly is a source of danger. 

A company which has control of a commodity is a monop- 
oly ; 

Company «x has control of a commodity ; 

Hence company x is a monopoly. 

Conclusion: Therefore company x is a source of danger. 


Prosyllogism 


Episyllogism 


Here the conclusion of the prosyllogism stands as a major 
premise, the conclusion of the episyllogism as a minor, and the 
final conclusion is drawn from them — that company x is a 
source of danger. 

Elementary geometry furnishes excellent arguments in ab- 
breviated forms. Such arguments may be stated in full, but, 
in general, such is not the case. It is instructive to analyze an 
example of simple geometrical reasoning to determine precisely 
what is done. Generally our interest centers in solving the 
particular problem rather than in determining what we do in 
order to solve it. 

Let us take the celebrated 47th problem of Euclid — the 
Pythagorean proposition which the famous Greek developed 
from the practice of the rope-stretchers (surveyors). The rope- 
stretchers made use of a string or rope twelve units in length, 
divided, say, by tying a knot at the points indicated, into five 
units, four units, and three units. By means of this device 
they could lay out fairly accurately a right triangle. It will be 
observed that a rope stretched about pegs driven in the ground 
so that the knots coincide with the pegs will form a right triangle, 
with the hypotenuse of five units and the legs of three and four 
respectively. This is a concrete case of the famous problem. 
Pythagoras was interested to know whether this just happens to 
be the case, or whether there is something general in it. The 
proof shows that it is not an accident that a rope so divided de- 
termines a figure the square on the hypotenuse of which is equal 
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to the sum of the squares on the other two sides; but that it 
follows necessarily from the assumptions and definitions them- 
selves — assumptions which were unquestioned by every one, 
i.e., self-evident truths; and definitions likewise agreed upon. 

Let us inquire a little more minutely into this. For it is in 
the development of the implications of our assumptions that 
deductive reasoning is so important to science. Deduction, as 


D 
Ficure XIII 


has been pointed out, is precisely the development of the im- 
plication of our assumptions, of unquestioned premises, some- 
times called axioms. When we come to the hypothesis, the 
instrument of scientific investigation, i.e., the supposition we 
make for the purpose of solving a problem, we shall see that 
deduction functions as a means of determining what conclusions 
must be if our hypothesis is true. Experimentation then occurs 
to see whether or not we can actually find in fact what our de- 
ductions said must be. If we do find these facts, we conclude that 
our hypothesis (premise) is true. 
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The proposition reads: The square on the hypotenuse of a 
right triangle is equal to the sum of the squares on the other two 
sides. Let us construct a figure as an aid to the eye in following 
the relations involved. 

The triangle AEC is equal to the triangle AGB, for two sides and the 
included angle of the one are equal respectively to two sides and the in- 
cluded angle of the other. (GA = AC, being sides of a square, which, by 
definition, has equal sides; and AB = AE, for the same reason. The angle 
A of the triangle AEC = to the angle A of the triangle AGB —i.e., A = A.) 

The area of the triangle AGB = 3 of the area of the rectangle DA, because 
they have the same base and the same altitude, the base being AG and the 
altitude, the distance between the parallel lines AG and BD. (It has 
been proved earlier that a triangle is equal in area to 4 the area of a rec- 
tangle when they both have the same base and the same altitude.) 

And the area of the triangle AEC is equal to 3 the area of the square BE, 
for the same reasons. Since the triangles AEC and AGB are equal, we may 
substitute one for the other, and by so doing we have the area of the triangle 
AGB = 3 of the area of the square BE. Hence the area of the square BE = 
the area of the rectangle DA. 

In the same manner we prove the triangle CAF = the triangle CBI, 
and the square FB = the rectangle DC. 

But the rectangle DC (which = the square on the side BC) -+ DA (which 
= the square on the side AB) = the square AI (which is the square on the 
hypotenuse AC). 

It will be observed that we make an assertion on the assump- 
tion that we have already proved some other propositions. Such, 
for example, is the assertion that triangles are equal if two sides 
and the included angle of one are equal to two sides and the in- 
cluded angle of the other. For the argument to be complete we 
should have to prove this proposition. We also assumed that 
things equal to the same things are equal to each other in the 
same sense. This we do not prove (for our purposes), but call 
it an axiom. Thus in deductive reasoning we assume something, 
which, in this case, are the axioms of equality and of the relation 
of the whole and its parts. 

If we wished to state this as a chain of reasoning, we might 


proceed somewhat as follows: 
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Things which are equal to the same thing are equal to each other; 
The two triangles AEC and AGB are equal to the same thing ; 
Hence they are equal to each other. 


But the triangles AEC and AGB are each equal to one half of the square 
BE and one half of the rectangle DA; and since the triangles are equal to 
each other, it follows that 

The square BE and the rectangle DA are equal to each other. 


This could be continued for the other square and the other 
rectangle. 

What we note is that mathematical reasoning begins with 
undefined terms, some relations, and some unproved propositions 
(axioms). The latter are generally considered as assumptions 
which are made for the purpose of getting a start — they are 
beginning points. They are no longer considered as “ self- 
evident truths ” which must hold of objective nature. If they 
do happen to hold of objective nature, so much the better (for 
practical reasons), but this is not at all essential to a deductive 
system. The conclusions follow necessarily from the premises 
regardless of the “ truth ” or “‘ falsity ” of the premises. It is 
also not at all essential that something actually exist about 
which we reason. Much of our reasoning is done about things 
that have no existence in the sense of the existence of the Ohio 
river, or a lamp, or a table. For example, a triangle as defined 
by the mathematician does not exist, nor do the other geometri- 
cal figures. They are creatures by definition, they are intellec- 
tual existents, not physical. 

An old “ poetic” problem in arithmetic may illustrate how 
we may reason about things which have no existence (in the 
sense suggested above) : 


If the third of six be four, 
Twenty must be how much more? 


If the third of six be three, 
What must the fourth of twenty be? ! 


1 More is said on the nature of a deductive system in Ch. XXV. 
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When we develop the consequences of our premises, the im- 
plications of our assumptions, we are said to argue or reason 
synhdicly, 1.2., when we move forward from premise to con- 
clusion, and from one conclusion as a premise of another con- 
dusion yet to be reached. We are said to argue analytically 
when we are interested to find the grounds upon which our 
assumptions rest, to find premises upon which our present prem- 
ises stand. In the former case we take our premises which are 
generally generalizations which command assent or which at 
least we are willing to accept for the sake of the argument, and 
show the consequences of our assumptions; in the latter we ask 

such 4 question as this: What set of premises or what assump- 
tions are necessary to support the premises or assumptions I 
now have before me? 
(3) The Sorites is a form of syllogistic reasoning in which 
the subject and the predicate are united not by one term called 
the ‘ middle’ but by 2 number of intermediate terms. It isa 
chain of reasoning. It is several syllogisms but with none of the 
conclusions expressed except the last one. There are two forms 
of the sorites known as the Aristotelian or Progressive, and the 
Goclenian or Regressive (from R. Goclenius, 1547-1628); the 
former moving from the least inclusive to the most inclusive, the 
latter in the opposite direction. The following are examples, 
_ given in the order named: 


“-. 


ais b, dise, 
bise, cisd, 
cisd, bise, 
dise, ais b, 
Therefore a is ¢. Therefore a is ¢. 


They are represented through diagrams as a series of concentric 
circles. 

It will be seen that the sorites is a series of prosyllogisms and 
episyllogisms with all conclusions except the last omitted. 
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An excellent example of sorites expressed in poetic form is the 
following from Sir Thomas Wyatt: 


The longer life the more offence, 

The more offence the greater paine, 
The greater paine the lesse defence, 
The less defence the lesser gaine; 

The loss of gaine long yll doth trye, 
Wherefore come death and let mee dye. 


Come gentle Death, the ebbe of care, 
The ebbe of care the flood of life, 

The flood of life the joyfull fare, 

The joyfull fare the end of strife, 

The end of strife that thing wish I; 
Wherefore come death and let mee dye.! 


PROBLEMS 


x. Construct an enthymeme of each order. 

2. Give an original example of prosyllogism and episyllogism. 

3. What is the difference between arguing analytically and arguing 
synthetically? Give original examples of the two processes. 

4. What premises are necessary to sustain each of the following con- 
clusions : 

(a) Sleeping sickness is brought on by a bite from the tse-tse fly; 

(b) The Pythagoreans believed the number four to be the symbol of 
virtue ; 

(c) Zeno taught that motion is impossible ; 

(d) The king can do no wrong; 

(e) Immortality is an attribute of the germ plasm? 

5. What premises can you discover which could serve as a foundation 
for the major premise in each of the arguments which you have given in 
problem 4? 

6. Draw diagrams representing the forms of the sorites. What differ- 
ence do you notice in the drawing of them? 

7. Of what value are abbreviated and expanded arguments? Where 
do they function? 


8. The diagonals of a square bisect each other. Prove this proposition, 


1 Quoted by Sellars, ibid., p. 120. 
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stating what isassumed. What form of argument does it represent? Write 
it out in syllogistic or relational form as demanded. 

9g. Complete the following arguments, place them in their proper mood 
and figure, and determine their validity. 

(a) He must be sick for he is in bed; 

(6) He has been in politics for many years and is therefore qualified for 
the presidency ; 

(c) He lives in a glass house, and should not throw stones; 

(d) Whoever committed such a crime should be punished severely, and 
the evidence indicates that John committed the crime. 

to. With what does mathematical reasoning begin? Are axioms ‘self- 

evident truths’? Think of some cases in which what you reason about does 
not have existence in the sense of the existence of a physical object. 
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CHAPTER XIV 


NON-SYLLOGISTIC ARGUMENTS 


As has been said, it was believed for a long time that all argu- 
ments could be reduced to a syllogistic form, and, still further, 
to the first figure of the categorical syllogism.! The procedure 
was to reduce all propositions to logical form; then, if the 
syllogism was conditional, to reduce it to categorical form; and 
the last step was, by the aid of the Latin lines quoted earlier, 
to reduce to the first figure. Thereupon perfection was reached, 
the subsumptive figure being that under which all intellectual 
ventures ultimately found a place. The prodigal son of argu- 
ment was brought to the paternal habitat when the first figure 
was reached. 

[This view was due to Aristotle who laid the foundations of 
syllogistic logic. His primary interest was biology, the science 
of living things. Each living thing, he taught, developed from 
the germ or seed to the mature form, due to an internal compul- 
sion — each after its kind, each different from the rest. The 
kinds of things, or classes, or species, do not overlap — each 
kind has its own peculiar form. Being primarily a biologist, 
Aristotle carried his biology over into physics, and interpreted 
physical things after their analogy to living things. The result 
was that each physical thing had its own peculiar characteristics, 


1“Tn opposition to the logic of the generic concept, which, as we saw, represents 
the point of view and the influence of the concept of substance, there now appears 
the logic of the mathematical concept of function. However, the field of application 
of this form of logic is not confined to mathematics alone. On the contrary, it ex- 
tends over into the field of the knowledge of nature; for the concept of function con- 
stitutes the general schema and model according to which the modern concept of 
nature has been molded in its progressive historical development.” Cassirer, E., 
Substance and Function, Open Court, 1923. Translated by W. C. and M. C. Swabey. 
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its own predicates, or attributes. Physical things had a peculiar 
property which made them just what they happened to be. The 
doctrine as later interpreted explained heat in terms of the 
presence of a caloric property, the effects of opium by the pres- 
ence of a dormant property, and the like. In other words, the 
world of both animate and inanimate nature seemed to consist 
of things and properties (or matter and form, to use Aristotelian 
terms). This conception of the nature of things had its counter- 
part in a logic, the principle of which is definition (in the formal 
sense) which consists in placing the thing to be defined in its 
class, and in showing the differentia and the property of that 
thing. The class proposition, 7.¢e., that proposition which is 
made up of a subject (symbolizing the thing), and a predicate 
(symbolizing a property, attribute, or characteristic), and a 
copula which indicates the assertion of the predicate of the sub- 
ject, came to be the center of logical interest, since it represented 
the actual state of nature, and was the instrument through which 
we could understand nature. 

[There was no place in Aristotle’s theory of reality for a 
logic of relations. His biological and ethical physics and the 
concomitant logic held sway until within the last three hundred 
years. ] 

We shall take some examples to show the procedure of tradi- 
tional logic. 

I. ais greater than b; 


b is greater than c; 
Therefore a is greater than c. 


It is obvious that this argument is not syllogistic, since it has 
four terms, granted for the present that ‘greater than’ is a 
term. But the conclusion is as certainly valid as any in regular 
form. The ‘reducers’ had recourse to the regular syllogism, 
and stated the above in some such fashion as this: 


“‘Whatever is greater than what is greater than something else is still 
greater than that something else ; 
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A is the thing that is greater than that something else which is greater 
than c; 
Therefore a is greater than c.” 


It will be noticed that we have omitted 6 entirely, and have sub- 
stituted a ‘ that something else,’ or ‘ something else,’ in its place. 


2. ais earlier than 6; 
b is earlier than c; 
Therefore a is earlier than c. 
3. ais east of b; 
b is east of c; 
Therefore a is east of c. 
4. ais sweeter than }; 
b is sweeter than c; 
Therefore a is sweeter than c. 


We have selected examples involving quantitative, temporal, 
spatial, and qualitative differences. They all express valid 
conclusions and are not syllogistic in form. Other examples 
may help us to draw some conclusions concerning arguments 
such as the above. 


5. a@is the father of b; 

b is the father of c; 
Therefore a is the (grand)father of c. 
6. ais an enemy of db; 

b is an enemy of c; 

Therefore a ? 
7. ais an ancestor of 6; 
b is an ancestor of ¢; 
Therefore a is an ancestor of c. 


Why is it that some conclusions are valid while others are not? 
Examples 1, 2, 3, 4, and 7 lead to valid conclusions; but 5 and 
6 do not. It is sometimes said that the relationships expressed 
in valid forms are very simple, but in such systems as ‘ kinship ’ 
(father of) and social relations, as ‘ employer of’ and ‘ enemy of,’ 
the relations are so complex as to render valid conclusions im- 
possible. But that these are not the real reasons is evident from 
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example 7, which represents such relations as ‘ father of,’ ‘ mother 
of,’ etc. That is, ‘father of,’ etc., are cases of ‘ ancestor of.’ 
It seems that the difference rests rather upon the kind of re- 
lations involved. If we are given any asymmetrical and tran- 
sitive relation, such being the type that gives origin to series, 
we may draw conclusions from the form alone as well as we can 
from the syllogistic forms. It may be a valid question as to 
whether there is such a thing as formal implication. Into that 
it is not our province to enter; but this much seems certain: 
that the case for formal implication is as strong in such proposi- 
tional functions as organized into arguments above as in those of 
the first figure of the syllogism. An asymmetrical relation, it 
will be recalled, is one in which there is incompatibility between 
the relation and its converse; and transitives are such that if 
the relation holds between a and 8, and between 0 and ¢, it also 
holds between a and c. ‘Greater than,’ ‘ ancestor of,’ ‘ older 
than,’ are examples of asymmetrical transitive relations. 
‘Father of’ is asymmetrical but not transitive. ‘Friend of’ 
is known as non-symmetrical; as also is ‘ employer of,’ in such 
cases as that in which A may employ B to cut weeds from his 
(A’s) garden while B employs A to make him (B) a set of new 
teeth. At any given instant each may be diligently plying his 
trade for the other. 

In any given relational argument the first point to determine is 
the kind of relation before us.!_ To determine this we must, as 
suggested in the treatment of relational propositions, have 
knowledge of the system involved, just as we must have knowl- 
edge of classes in order to determine whether a minor is an in- 
stance or case of a major. Having determined, for example, 
that the relation is asymmetrical and transitive, we are then 

1Tt is the business of thinking to determine the kind of relation we have in any 
given problematic situation. We are discussing here the formal aspects of relational 
inference, the product aspect. We are assuming that we have a relation given, and 


are interested in drawing such conclusions as we may be able to draw from the given 
relation, or relational argument. 
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at liberty to draw any conclusion that such a system is capable 
of sustaining. It is evident that much can be drawn from re- 
lations of this type when it is recalled that the number series, 
metrical, as well as other forms of geometry, time, motion, 
acceleration, and quantitative as well as qualitative differences 
are generated by them. The relation of similarity which is a 
case of the more general type, namely, symmetrical, is the founda- 
tion of classes and hence of syllogistic logic; the asymmetrical 
and transitive, the foundation of what is generally, in elementary 
texts on logic, called extra-syllogistic arguments. Both syllogistic 
- or class, and extra-syllogistic or relational, logic may be classed 
as Formal, although this term has been generally applied to the 
logic of the syllogism alone. 

[Slightly more complicated arguments involving relations may 
be given. In the relational argument, x is a friend of y and y 
is a colleague of z, we have three terms, x, y, and z, and the two 
relations, friend of and colleague of —1.e., from the standpoint 
of the old logic we have five terms — yet we may safely conclude 
that x is a friend of a colleague of z. If “‘ friend of a colleague 
of” had a specific name, it would be much easier to think in 
terms of it. Names are a great aid in fixing ideas, and their lack 
has been a source of much confusion. Relative terms have been 
devised for many sets of conditions as the above, and any such 
set which would come to be used frequently and which would 
take a valuable place in intellectual and practical experience of 
man would have a relative term. Words are indeed representa- 
tives for those aspects of life and nature which have been so 
vital that man had to fix upon them. “ Friend of a colleague 
of ” has never played an important part in man’s endeavors. 
But “ uncle ” is a brother of a father of — a relation so common 
in experience that a name is devised, which saves effort as well 
as time. 

[We may use the relational argument disjunctively. Either 
« is a friend of y or y is a colleague of z. If this is the case, we 
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may conclude that « is a friend of all non-colleagues of z. Here 
again we have three terms and two ielations, and while the argu- 
ment is non-syllogistic, violating the principle of distribution of 
terms as well as their number in the argument, we are able to 
draw a valid conclusion. When «isa friend of y, then y is a non- 
colleague of z, and x is a friend of non-colleagues of z; and when 
y is a colleague of z, then « does not bear the relation of ‘ friend 
of ’toy. Hence «isa friend of non-colleagues of z.] 

Classes and Relations. Are classes relations or are relations 
classes, or are they two irreducibles? The logic of Aristotle 
and the Scholastics regarded classes as fundamental and devised 
the syllogism and worked out its implications’ on this foundation. 
Things fall into classes and science was the classification of things. 
The verbal expression of this conception is a sentence connected 
by some form of fo be, in which the subject is stated as a case of, 
as included in, or excluded from, a predicate. The world seemed 
to be made up of things and qualities; or to state the matter in 
terms of grammar, of nouns and adjectives; or still in other 
terms, of quantity and quality. The subject was a thing which 
possessed certain qualities which were predicated of the thing, 
as ‘gold is yellow,’ a judgment which came to be known as 
analytic; or it was a ‘ substance’ to which attributes or qualities 
could be applied, as ‘ the earth is a planet,’ a judgment which 
came to be known as synthetic. In any case the subject was 
represented as belonging to the class of things denoted by the 
predicate. In our example, ‘ gold ’ belongs to the class of things 
denoted by ‘ yellow’; and ‘earth,’ to the class of things denoted 
by ‘ planet.’ 

But, as has been suggested in our treatment of relations, the 
development of certain mathematical branches, and progress 
in celestial mechanics, made it evident that the logic of classes 
was inadequate to the expression of such concepts as ‘ function,’ 
‘ variable,’ ‘ motion,’ ‘ series,’ and ‘ acceleration.’ 

The older notion was that relations are attributes of things. 
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In the example, ‘ this red apple is larger than that,’ ‘ this red 
apple ’ possessed among other attributes those of ‘ redness ’ and 
‘larger-than-ness.’ The predicate of a proposition was an at- 
tribute of the subject. In such a proposition as ‘ John is the 
brother of James,’ ‘ John’ is the subject, ‘is the brother of James,’ 
the copula and predicate. Reduced to classes the proposition 
reads ‘ John is in the class of beings known as brothers of James.’ 
‘ Brother of ’ belonged to John in the same manner as mortality 
and rationality. 

But difficulties too technical to mention here, originating out 
of the growth of mathematics and science, led gradually to a view 
that is current in some quarters today that relations are funda- 
mental and that classes are examples of relations. For example, 
the class ‘ man’ is generated by a relation of similarity. Given 
‘similar to’ in the propositional function ‘ x is similar to y,’ we 
have the form according to which all classes are made. To 
make this concrete, let us say ‘ this book is similar to that.’ 
Then this one and that one and others still similar go into a 
class, say, ‘ History of the United States.’ 

Another way of looking at relations and classes — we remem- 
ber it is quite difficult to get complete disjunction — is to con- 
sider them as instruments of thinking, as means of problem- 
solving. After our problem has been solved by trial and error, 
failure and success, plus the intelligence we possess, we may 
then look back and find classes and relations or classes only 
from one point of view and relations only from another. But in 
a significant sense classes and relations are tools which we used 
in solving the difficulty. They represent successful programs 
of action (thinking), they are so much experience funded. When 
we study classes and relations formally, we are not investigating 
how we actually go about increasing our knowledge, but are look- 
ing at knowledge already achieved, and are finding in that 
structure the instruments which have made it possible, and there- 
upon conceive the instruments to have existence in their own 
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right. We have, in logical terminology, committed the fallacy 
of hypostatization. 

Other Forms of Non-Syllogistic Reasoning. There are two 
other forms of non-syllogistic reasoning usually recognized, 
namely, (1) A fortiori, or argument by the stronger reason; and 
(2) Verbal. These are not of much importance from a formal 
standpoint, but practically they are rather valuable, especially 
the first. An a fortiori argument begins with some proposition 
that is agreed to by both disputants, and something else is 
shown to be more reasonable or binding or more firmly estab- 
lished than the proposition agreed to. For example, ‘ you will 
grant that it was just for men to sacrifice their lives and fortunes 
in defense of their ideals in the war of 1812. How much less 
in importance were the ideals involved there than in the world 
war. Therefore how much more should you admit that it was 
just for men to sacrifice their lives and fortunes in the world war.’ 
It is obvious that much of our everyday argument takes this 
form. Such reasoning is generally directed towards practical 
concerns, 7.¢., especially to consideration of value. Value judg- 
ments as we find in morality, jurisprudence, and industry may 
fall under this general category; and when reduced to strict 
logical form, as is possible ex post facto, they yield to the treat- 
ment of the logic of relations. Value judgments are not amen- 
able to treatment in terms of classes. ‘ This course of action is 
better than that’; ‘ this international policy is more in keeping 
with precedent’; ‘ this industrial program will result in greater 
happiness,’ — such, in general, is the form of our judgments of 
value. 

From the standpoint of thinking these judgments are ex- 
tremely interesting. How do we go about forming a judgment 
to be expressed in a proposition taking the relational form, as in 
judgments of value? As our example above indicated the 
disputants must agree on something, namely, that the world war 
involved more fundamental principles than did the war of 1812. 
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This is true in every argument of the kind — some point of 
agreement is necessary. The same is true, as we have said, in 
syllogistic reasoning as well — we must admit the axioms and 
definitions. 

The business of thinking in the formation of a value judgment 
which takes the form of the relational proposition is twofold: 
first, the development of means for reaching the end agreed to as 
valuable by both parties; and second, the development of de- 
sirable ends themselves, z.e., the development or the formulation 
of states of affairs which the parties will agree are valuable in 
themselves. The first of these consists in the determination of 
means for reaching a desirable goal; the second, the formation 
of desirable goals, of objects of value. But in any case some- 
thing must be taken as desirable by both parties — by both 
when there are actually two or more parties trying to solve a 
value problem, or by one person when he is arguing alternatives 
with himself. In the latter case he ‘ pictures’ himself first in 
one réle and then in the other, but he has agreed that something 
is valuable in either réle. 

Let us analyze a simple case — for it is in the development 
of cases that principles are determined. Indeed, every problem 
is a case and involves principles. Thus it can never be a gen- 
uine problem to attack all the universe at once. The scientist 
always works with a definite problem, the judge with a par- 
ticular case, the economist with a specific policy. The problem 
or the case or the policy may and does involve principles and 
systems, but they are not themselves systems and principles. 

Suppose our question to be: “Would it be better to leave the 
university now and go into business or professional life, or go 
on through with the courses and then enter?” The student, 
let us assume, desires now to leave and enter business; his 
father desires that he remain and finish his courses. Let us 
suppose that at first they just “argue.” It will be discovered 
shortly that they will come to no common conclusion by mere 
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argument. Then let us suppose that they have agreed on a 
further good, namely, the ultimate success of the young man. 
The question then becomes one of determining precisely how 
this success is to be achieved — of determining means to an end 
which is assumed to be valuable. The means then are taken 
up one by one and examined in the light of the end. Arguments 
by both disputants are judged by this standard. “If this is 
done, something else will flow from it; how will this ‘ some- 
thing else’ fit with the ideal we have set?’ This and like ques- 
tions may lead to conclusions which both admit to be reasonable. 

But how are we to determine what the end or goal is to be? 
This is determined by setting the present goal in the series of 
means to a further goal that both disputants agree to be valuable. 
Make a means out of the present end and develop it as a means 
of reaching a further end. 

But suppose the disputants are unable to agree on any goal? 
Then they cannot reason. Individuals sometimes resort to 
the “law of claw and fang”; groups resort to “strikes”; 
nations to war. When this occurs it means that reasoning has 
ceased, thinking vanished — that man has for the time forgotten 
the very processes which have lifted him from the slough of 
habit and the despond of instinct. Logicians, being human, 
call this tragedy a fallacy, namely, the fallacy of argwmentum 
ad baculum. 

As an example of verbal arguments which are relatively un- 
important, we may take the following: 

Men are willing to risk their lives for gold ; 


Gold cannot buy happiness ; 
Therefore men are willing to risk their lives for what cannot buy happi- 


ness. 


1 4 fortiori arguments need not all be directed to the same type of subject matter 
as the above examples. Value judgments differ from the ordinary scientific judg- 
ment in this that the former deal with ideas of worth, the latter with ideas of exist- 
ence: one with, let us say for the purpose of making the distinction clear, what 
ought to be or what would be better to be; the other with what actwally is in some form 
or another. 
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Such an argument when reduced to classes (granting this 
possible) takes the third figure of the categorical syllogism." 

[Let us examine a little more minutely than was possible at 
the conclusion of immediate inference the réle of relations in 
present science. We should keep in mind that a subject matter 
becomes scientific in proportion to the success in applying 
mathematics to it. This means that the stuff of science must 
be reduced to the forms which are really mathematical in nature. 
Unique material cannot be treated mathematically. One rea- 
son for the backward state of such sciences as ethics, econom- 
ics, and sociology is the fact that they deal with a kind of 
material (human relationships, hwman nature, as against physi- 
cal nature), that is, let us say, unique, 1.e., there are ‘individual 
differences ’ in so pronounced a degree that uniform laws are 
next to impossible. Such disciplines are becoming more and 
more scientific, however, through the introduction of mathe- 
matics in the form of statistics. But a statistical table, how- 
ever elaborate, will not tell precisely what a given individual 
will do. The individual is dealt with by a consideration of 
the class it belongs to. 

[With this in mind, that the sciences tend more and more to 
mathematics; and the added point in mind that the various 
departments of mathematics tend more and more towards 
arithmetic; and with this third point, that this in turn moves 
towards relations and terms: with these considerations before 
us, we want to point out briefly how fundamental are terms 
and relations as categories for understanding our world. 

[Arithmetical analysis leads ultimately to asymmetrical- 
transitive relations. There are various kinds of numbers, such 
as ordinal and cardinal, real, rational, and irrational. The 
kind we are most familiar with are the rational positive integers 
—I, 2, 3, 4,...m. We may use these in showing the 
fundamental nature of relations. The series, 1, 2, 3, 4,...- 


1 Creighton, ibid., p. 142. 
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presents an order of magnitude, some of which are greater than 
others, some less than others. Any set of terms capable of 
these relations (asymmetrical-transitive) are magnitudes. It 
is not terms that possess magnitude (as man, for example, might 
be conceived to possess mortality), but magnitude is determined 
by the relations. Any set of terms that can sustain the rela- 
tions are magnitudes. The Milky Way, Boyle’s law, and the 
kinetic theory of heat are not capable of sustaining the relations, 
1.é., the Milky Way is not greater than Boyle’s law, nor are 
the two former greater or less than the latter — these phenomena 
' are not magnitudes. But ‘ancestor of’ generates a series in 
the order of magnitude. If a is the ancestor of 0, and 6 of c, 
and c of d, etc., we have a series here that has the characteris- 
tics of the rational integer series, being both asymmetrical and 
transitive. It comes about finally that any subject matter (set 
of terms) which sustains these relations can be treated precisely 
as we treat numbers. This is the final reason for the fact that 
we can apply mathematics (arithmetic, in this case) to parts of 
our world — those parts sustain the same relations that we find 
in the number series. 

[The analysis of space leads to the same relations. Taking 
the class-concept ‘ point’ as indefinable (it will be recalled 
that something must be assumed) and the actual points as the 
individuals which the concept ‘ point’ denotes (i.e., ‘ points’ 
are the extension of the class, ‘ point ’), and taking also the asym- 
metrical-transitive relation, we are able to construct some- 
thing that possesses all the characteristics that mathematics 
demands that space must possess. Any two points determine 
a straight line. Between the two points, x and gz, on the straight 
line, another point y exists. Assuming another point not on 
the straight line determined by our two points, x and z, we de- 
termine a plane. Another point not in the plane determines 
a space of three dimensions. It will be noticed that the re- 
lation ‘ between’ was asserted to obtain, ¢.g., “‘ between the 
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two points, x and z, another point y exists.” ‘Between’ is 
an example of an asymmetrical-transitive relation. For ex- 
ample, if 6 is between a and c, then ¢ cannot be between a and 
b, or a between b and c; and if 6} is between a and ¢, and ¢ is 
between b and d, then 0d is between a and d. Space, then, is 
seen to be, mathematically, the domain of an asymmetrical- 
transitive relation, when the terms are what we have posited 
as ‘points.’ But, like number, whatever is capable of sustain- 
ing these relations would generate such an order as space is, 
mathematically. The various geometries, metrical, projective, 
and descriptive, are founded on the relations mentioned and 
points as terms. 

[But our idea of number must be enlarged if we wish to give 
an arithmetical account of geometry. We spoke about the 
rational positive integers only. Since there is no rational posi- 
tive integer which expresses the relation between the hypote- 
nuse of an isosceles right triangle and either of the sides, it will 
be necessary to enlarge our idea of number to include the zr- 
rationals, as, €.g., V2. Some points on the line would not be 
in one-one correspondence with any integer, but with an ir- 
rational number. But in all real numbers, rational and irra- 
tional, the same relations obtain. Space thus seems to possess 
the same characteristics as the real number series. And geom- 
etry appears to be a department of arithmetic. 

[Time, treated mathematically, presents interesting character- 
istics. Perceptual time, or, let us say, time actually lived, the 
Bergsonian duration, is not the same as mathematical time. 
But, it would seem, any description of lived time, any analysis 
of it, would lead to a statement in terms of mathematical time. 
If we start, in our discussion of time as we did in the treatment 
of space, with instants, and assume an asymmetrical-transitive 
relation, we are able to develop a domain, an extension, an 
order, which has all the characteristics that mathematics de- 
mands of time. Since we express time as one-dimensional 
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(although there is no logical reason why it should not be two, 
three, or m-dimensional), we may define a one-dimensional 
order for time as we did one dimension (a line) in space. If 
we have some terms (instants) and an asymmetrical-transitive 
relation (as earlier than or later than), we may say, “x is earlier 
than y, y than z, and, hence, x is earlier than z.”” What we 
observe here is that the same relations are operative that we 
discovered in the number series, and that our terms are instants. 
Our instants of time, like the points in space, are in one-one 
correspondence with the number series, 7.e., for every point in 
space or for every instant in time, there is a real number, either 
rational (integral or fractional) or irrational, of the number 
series that is in one-one correspondence with the point or in- 
stant. These instants, like the points of space, are neither 
large nor small, continuous nor discontinuous, and the like. 
They get their ‘ standing’ by virtue of the relation. 

[Order, magnitude, and the like are not found in the terms, 
they are not properties of things, as the older logicians con- 
ceived them; but orders and magnitude are determined by the 
relation. This accounts for the fact that the Greek scientists 
could not deal successfully with such a phenomenon as motion. 
On the basis of their logic, motion had to ‘ belong ’ to something 
—a body was either moving or at rest. Motion and rest were 
ways of describing bodies. Some of the Greek philosophers, 
notably Parmenides and Zeno, unable to give a rational account 
of motion, denied that there is such a fact in the universe as 
motion — they considered it as an illusion, and offered nice 
proofs to show that it could not occur. 

[We have probably gone far enough to illustrate the place of 
relations in thought. When thinking determines something, 
solves a problem, contributes a proposition, this proposition 
then becomes the subject matter for further analysis, to the 
point of reaching the ultimate terms and relations by which we 
may state the results of all thinking. But it must be kept in 
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mind that the stating of the results of thinking is not the method 
by which we go about the problem of solving a difficulty which 
has broken in upon the even tenor of the way of habitual, in- 
stinctive, and affective action. 

[We might go on with the analysis of ‘ mass,’ ‘ motion,’ and 
the other concepts of physical science; but the result would be 
the same. We should find terms related in certain ways, and 
these terms related in certain ways to the number series — with 
the net result that mathematics as expressed in arithmetic, 
and this, in turn, as expressed in the fundamental categories of 
logic, become the final instruments for the description of the 


world.] 
PROBLEMS 


1. Why is it that all arguments cannot be reduced to syllogistic form? 

2. What would be the purpose of science when it is believed that all 
arguments could be reduced to syllogistic forms? When would anything 
be explained on this assumption? 

3. Write original examples involving qualitative, quantitative, temporal, 
and spatial differences respectively. State kinds of relations involved. 
Are your conclusions valid? Try to state them in syllogistic forms. When 
finished, count the terms, and test by the rule that a syllogism may have three 
and only three terms. 

4. Why is it true that A is taller than C when A is taller than B, and B 
than C; and not true that A is a friend of C when 4 is a friend of B, and B 
of C? 

5. What relations are fundamental in the syllogistic logic? In non- 
syllogistic logic? 

6. How would motion be treated from the standpoint of syllogistic 
or class logic? Function? Variable? Acceleration? Could motion be 
treated apart from a moving object ? 

7. Write a propositional function which is fundamental in generating 
all classes. That which generates a particular class, as man. What relation 
is involved in each case? 

8. In what sense may we speak of relations and classes as instruments 
for the solution of a problem? 

g. State the relation between x and z when 

(a) x is a friend of y and y is a neighbor of z; 

(b) x is either a friend of y or y is a neighbor of z. 
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to. What form of argument is illustrated in the following incident from 
one of Boccaccio’s Stories (The Scoundrel becomes a Saint) : 

Master Ciappelletto, however, still wept and said nought; but, after 
he had thus held the friar a great while in suspense, he heaved a deep sigh 
and said, ‘Father mine, since you promise to pray God for me, I will e’en 
tell you. Know, then, that when I was little, I once cursed my mother.’ 
So saying, he fell again to weeping sore. ‘O my son,’ quoth the friar, 
‘seemeth this to thee so heinous a sin? Why, men blaspheme God all day 
long and He fully pardoneth whoso repenteth him of having blasphemed 
Him; and deemest thou not He will pardon thee this?’ 

State the above in logical form. 

11. Devise a set of circumstances which lead to the formation of a value 
judgment. What relations are involved? Precisely what judgment was 
rendered? State some implications of it. 

12. What forms of argument do the following illustrate? State them in 
logical form. 

(a) (An argument of Burke’s to show that Englishmen, who sympathized 
with Americans during the Revolution, ought to sympathize with Irish 
Roman Catholics): ‘I confess to you freely that all the sufferings and dis- 
tresses of the people of America in this cruel war have at times affected me 
more deeply than I can express. .. . Yet the Americans are utter strangers 
to me; a nation among whom I am not sure that I have a single acquaint- 
ance. ... WasI to suffer my mind to be so unaccountably warped .. . 
as to sympathize with those who are in open rebellion [against England] . . . 
and yet to have no feeling at all for the hardships and indignities suffered 
by men who by their very vicinity are bound up in a nearer relation to us 

. and who obey the laws, to the full as well as Ido?” (Genung, Rhet- 
oric, Pp. 422.) 

(6) Woodrow Wilson, we are willing to admit, has been one of our greatest 
presidents, and one who has understood European questions better than 
most American statesmen. Yet, when he went to Europe and entered into 
secret sessions with European statesmen more familiar with the problems 
of Europe, and within closer reach of their home governments, he was at a 
serious disadvantage; and in consequence he was often utterly deceived, 
both upon the real merits of the questions under consideration, and upon 
public opinion in America. If we were to enter the League of Nations, our 
representative in the Council of the League, who would be a man of less 
ability than Wilson, would often be deceived in both of these respects. 
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CHAPTER XV 


INDUCTION 


INDUCTION is the name given to the process by which princi- 
ples, laws, and (in the language of the syllogism) major premises 
are discovered. It will be recalled that for formal logic major 
premises are given. So long as we are willing to accept a prin- 
ciple or general rule or law as given, we are able to argue syllo- 
gistically ; but when we desire information concerning the origin 
of the major, or when we want new ones and are unwilling to 
accept them as donations from some authority such as revela- 
tion, a divine king, or an intuitive mind, there remains another 
way by which they are achieved, namely, by systematically 
looking for them. This systematic looking for principles is 
generally called induction or scientific method or, in the language 
of our first chapter, thinking. 

It consists in the introduction into presented unorganized 
material or ‘ facts ’ of the instruments by which true conclusions 
have before been reached. The unorganized material becomes 
‘like something else,’ ‘ greater than something else,’ ‘ included 
in something else,’ and the like. In such cases ‘like’ and 
‘greater than’ and ‘ included in’ are the organizing relations, 
and the ‘something else’ is symbolized by terms. Thus terms, 
relations, and their union into propositions (hypotheses) be- 
come the machinery by means of which this systematic looking 
for major premises is accomplished. When majors are found, 
then it is that the formal logic of the syllogism and of relations 
may be applied — then it is that we may deal with the formal 
implication of propositions. It is then also that we are able 
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freely to apply the logic of relations in the further deductive 
inquiry into the more fundamental logical structure of the 
science whose causal laws we are investigating. The inductive 
methods which we shall study are mostly given over to the dis- 
covery of the causal relationship between phenomena. The 
methods in physics, for example, are given over to the dynamical 
aspects of that science. There is another fundamental phase 
of scientific analysis whose purpose is not the dynamical aspects, 
but the kinematic aspect of scientific conclusions, z.e., the arith- 
metic and geometry of physics, to continue our example from 
the physical sciences. Results here are accomplished not by 
experiment directly but by an analysis, partly through relations, 
of the findings of inductive inquiry. 

When we ask the question, ‘‘ Where do we get major prem- 
ises?”’ we are asking the question whose answer is the subject 
matter of scientific method. 

Induction is sometimes said to be the process of reasoning 
by which we move from facts to principles or laws, to distinguish 
it from deduction which moves from laws to facts, or from the 
more to the less general. Such a statement is in general ade- 
quate as showing the different points of view in induction and 
deduction; but it is inadequate in that it suggests that there 
are two distinct divisions of logic, namely, deduction and in- 
duction, In actual reasoning these aspects are not distinct. © 
In the solution of a problem, i.e., in the process that results in 
a rule of procedure or a principle of knowledge, there is fluid 
intercourse between facts and principles; a ready going from 
a principle used as valid in the particular case in hand to con- 
clusions from the principle, and an easy movement from the 
conclusions drawn to facts, and the reaction of facts upon the 
principle. Inference is quite complex, but it yields to analysis, 
and its parts make up the subject matter of logic. 

The Syllogism and Systematic Inference. It was once 
thought that all reasoning could be reduced to the forms of the 
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syllogism. This view is no longer held. It is well, however, 
to indicate the place of the syllogism in the larger operation 
of systematic inference. Let us assume that we are attempting 
to reach a conclusion and that we have relevant facts before us, 
what is the place of the syllogism in the further operation of 
reaching a conclusion? ‘‘I have made such and such obser- 
vations and they could be generalized in such and such ways; 
of these this one would be the most convenient, because the 
simplest, the most consonant with my prejudices or previous 
knowledge, or the most fertile of suggestions, the most amusing 
or directly advantageous, etc. Let me, therefore, try it, and 
see whether I can make it work. Accordingly a ‘law’ is 
postulated and its ‘ truth’ is tested by the success of the pre- 
dictions it enables us to make. If a postulated law is of high 
generality and usefulness and has been confirmed by much ex- 
perience, it naturally comes to be regarded as an axiomatic 
principle, like, e.g., gravitation.”! The law which is postulated 
is the major premise, and it becomes universal, i.e., takes on the 
form, ‘ All a is 6,’ by virtue of its value as a principle for pre- 
dicting occurrences. ‘‘ To put an argument in syllogistic form 
is to strip it bare for logical inspection. We can then see where 
its weak points must lie, if it has any, and consider whether 
there is reason to believe that it is actually (i.e., naturally) 
weak at these points. No one who realizes how difficult it is 
to test a claim to truth will underrate the importance of the 
function.” ! In systematic investigation the syllogism is a 
machine for testing our conclusions. The clear-cut doctrine of 
terms, ambiguity, distribution, etc., can be directed readily to 
our more or less unorganized arguments. 

Stages in the Growth of Induction. We have pointed out 
one of the questions whose answer leads to the problems of 
inductive logic, the question, namely, how do we get major 
premises? Various answers have been given, the most im- 

1 Schiller, Formal Logic, p. 243. Ibid., 222. 
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portant being (1) by intuition, (2) by generalization from ex- 
perience, and (3) by postulation or projection. 

Another question that led to inductive problems is, What 
place have facts in reasoning? We may best trace the growth 
of induction by taking three thinkers who have treated induc- 
tion and see how they answered the two questions — the origin 
of major premises, and the place of facts in reasoning. The 
three thinkers are Aristotle (c. 350 B.c.), Francis Bacon (¢. 
1600 A.D.), and John Stuart Mill (c. 1850 A.D.). 

Aristotle, the father of logic, answers the question as to the 
origin of major premises by saying that ultimately they are the 
result of a special faculty, the faculty of intuition. This faculty 
is able to grasp certain fundamental premises, such, for example, 
as ‘a straight line is the shortest distance between two points,’ 
or ‘ the whole is equal to the sum of its parts.’ Our ordinary 
major premises can be traced back to the ultimate self-evident 
principles which stand as major premises for the whole of any 
particular science. The whole of geometry, for example, can 
be traced back to axioms and postulates which stand as the 
ultimate premises of the science of geometry. These ultimates 
were supposed to be so obvious that anyone who understood 
their meaning would readily acquiesce in them. To question 
them was a symptom of mental deficiency. Aristotle did not 
make a list of these ultimate premises, but others have since 
attempted it, especially in particular branches of learning as in 
mathematics. 

One of the chief difficulties confronting the intuitive method 
is that major premises so discovered have proved false in many 
cases. Almost any deep-seated prejudice, as J. S. Mill said, 
could be bolstered up on the basis of intuition. Some of the 
cherished self-evident principles have turned out to be the start- 
ing point of doubt, and have, therefore, led to new fields of 
knowledge. For example, doubt directed against the celebrated 
parallel axiom of Euclid, once supposed to be self-evident, led 
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to fruitful and highly interesting fields of mathematical knowl- 
edge. 

It is instructive to note that the various sciences tend to seek 
an axiom or set of axioms, postulates, or hypotheses as their 
rational foundation. Such premises become methodological 
devices for the interpretation of the facts that seem to make 
up the body of the science in question. The physical sciences 
assume such a principle as the Uniformity of Nature or the 
Law of Causation. More specifically, classical physics is 
founded on such axioms as the Conservation of Energy, the 
existence of a uniformly spread-out space, and of a time that 
‘flows evenly on.’ What is more instructive is that the axioms 
or principles assumed as self-evident limit the field in which 
legitimate problems may arise. 

An excellent example of the influence of predetermined prin- 
ciples on the development of science is found in the story of an 
early Pythagorean (a member of the Brotherhood founded by 
Pythagoras, a mystical and probably mythical character who 
is supposed to have flourished in Greece about 520 B.c.). The 
major premise or axiom of Pythagorean philosophy is that every- 
thing in the universe hasa number. We can understand things, 
they thought, if we can find their numbers. It was the business 
of philosophy to find the numbers of things. The Pythago- 
reans did some fine work on this assumption, such as discover- 
ing the relationship between musical chords and arithmetical 
numbers. They also discovered the famous Pythagorean proof 
of the equality of the square constructed on the hypotenuse of 
a right triangle with the two constructed on the legs. But 
while engaged in the laudable business of finding the numbers for 
things they discovered that the diagonal and the side of a square 
are incommensurable. That is, that there is no number for 
this thing which is the relation between the hypotenuse and 
the side of a square. 

What were they to do with this exception? There are at 
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least three courses open — and they are given not for the sake 
of completing the story, but to show what can be done with 
any system founded on self-evident principles in the presence 
of such a situation as presented itself to the Brotherhood. First, 
the facts which contradict the principle or axiom can be denied, 
or can be charged to ‘ errors in operation,’ or otherwise explained 
away; second, the principle or axioms can be modified or re- 
modeled sufficiently to make room for the peculiar fact; third, 
the whole theory can be thrown overboard and a new start 
taken on different lines. The Pythagoreans, so it is said, chose 
the first, deciding to conceal the fact from the world, as one of 
the secrets of the Brotherhood. It seems, however, that some 
member gave it away, and consequently met punishment for 
his act by becoming food for the sea animals of the Mediter- 
ranean — taking his place along with the ox which Pythagoras 
is said to have sacrificed in celebration of the discovery of the 
forty-seventh problem, as one of the first martyrs to the cause 
of science. 

As to the place of facts in inference, Aristotle was hard pressed. 
The whole attitude of the Greek educated man was away from 
particular things, concrete experiences, and fo general principles 
or universals. Philosophy was concerned with universals, and 
of particulars the philosopher would have none. They were 
the subject matter for the shoemaker and other artisans. 
Aristotle states a theory of the genesis of the universal, of the 
development of a class term or concept. We perceive a chair, 
for example, then another, and another, and by these repetitions 
or added perceptions we form a stable concept, class, or uni- 
versal. Logic deals only with these universals, and the only 
place the particular (chair) has in reasoning is to wake us up or 
stimulate us to a knowledge of the universal. Any fact that 
we are able to perceive is an example or case of a universal, 7.e., 
what the fact is is already determined by the universal. 
Hence any fact that appeared to do violence to the universal 
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was handled as the Pythagoreans handled the fact of the in- 
commensurability of the diagonal and the side of a square, 
namely, it was denied, and could find no place — it was an ab- 
normality. But the growth of science has occurred by a dili- 
gent search after the meaning of the ‘ abnormal ’ fact, i.e., that 
fact that violated an already existing rule. Hence Aristotle’s 
account of systematic inference is inadequate. 

Francis Bacon, who took induction very seriously, wished to 
formulate a method for the extension of knowledge. His point 
of departure was a criticism of the method of induction by 
‘complete enumeration,’ formulated by Aristotle and used by 
the medieval logicians. He believed what is generally recog- 
nized today, that induction by complete enumeration is no in- 
duction at all. 

Let us see what induction by complete enumeration is. Sup- 
pose we are investigating a number of instances, say, of the 
color of sheep in a given area. Our investigation will lead us 
to one of the three possible conclusions: (a) some are white 
and some are of other colors; (0) as far as we have investigated, 
all are white; (c) all are white (or any other color we may select). 
Our first conclusion raises the question of probability, the ques- 
tion being, Given any other sheep not examined, what is the 
probability that it will be white?! The second conclusion 
leads to what are called empirical generalizations or simple enu- 
merations. The point in such generalizations is that all cases 
have not been examined, but there is uniformity as far as ex- 
amination has occurred. The answer to the third leads to the 
problem of induction by complete enumeration. If we have ex- 
amined all the sheep in a given area and have found them all 
to be white, we may infer, when any sheep is presented, pro- 
vided we know it to be a member of the class examined, that 
it is white. It is generally held that induction by complete 
enumeration is no induction at all. 

1 See Ch. XXI. 
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Stated formally this so-called inductive inference is as follows : 


M is P; 
Mis S; 
Therefore S is P. 


Thus induction is reduced to the formal syllogism, and complete 
enumeration takes the third figure. Induction for Aristotle 
“is a syllogism in which the inference that the major belongs 
to the middle is mediated through the minor directly; and 
not indirectly through the middle.” 

It was against this form of induction that Bacon argued. 
He believed that science should be directed towards disclosing 
the cause of events, and such a belief led him to conclude that 
induction by complete enumeration is res puerilis. To find the 
cause of things, then, is the business of science, and Bacon’s 
Novum Organum attempted to state the methods by which 
causes are disclosed. 

Let us see how Bacon sought causes with reference to our two 
questions: first, how major premises are formed; and second, 
the place of facts in reasoning. Bacon assumed what he called 
Forms, something analogous to our Laws of Nature. This is 
Bacon’s way of stating the axiom of induction, namely, that 
nature is uniform, or that events have causes. The method of 
finding Forms or causes was to begin with concrete cases or 
facts, and examine them carefully, not count them as was the 
method of enumeration. We must draw up tables of things 
(concrete facts) and their forms.1 We must collect instances 
in which the fact under investigation is present; then instances 


1 One of the best examples of the application of Bacon’s method by Bacon himself 
is found in his inquiries concerning heat — Inquisition into the Nature of Heat — 
found in the second book of the Novum Organum. He first collects cases in which 
heat appears in various forms and circumstances. He calls this a “‘Muster of In- 
stances before the Intellect.” He then adds a table of cases in which heat does not 
appear, calling this a “‘Table of its Absences.” Next is presented a table of degrees 
in which heat appears in different degrees of intensity. By a comparison of these 
three tables or sets of cases he reaches the form or definition of heat. 
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in which the same fact or facts are absent; and another in 
which the variations of degree or intensity of the facts are com- 
pared with the varying degree of other facts. Then by exclud- 
ing (hence the method of ‘ exclusion,’ as Bacon called it) “ the 
several qualities which are not found in some instances when 
the given quality is present, or found in some instances when 
the given quality is absent, or found to increase in some in- 
stances when the given quality decreases, or decreases when 
the given quality increases,” ! we are able to reach a conclusion 
as to the cause or form of the thing in question. 

It seems that Bacon assumed that forms are already known, 
that is, that we have a complete catalogue of them in advance, 
and the business of investigation is to find the particular one 
in the catalogue that explains the fact in question. He believed 
that by assorting the facts according to the directions given 
above we could find which of the known forms to use in our ex- 
planation of the facts under investigation. Both facts and 
forms, for Bacon, fixed and rigid. But in genuine systematic 
inference, facts are plastic and laws tentative. 

John Stuart Mill (1806-1873) attempted for induction what 
Aristotle did for deduction —to formulate the principles of 
systematic inference, 7.e., to state the method by which our 
knowledge is extended. He desired especially to formulate 
the methods of experimentation as emphasized in the physical 
sciences in order to apply them to the investigation of social 
phenomena. He believed he had accomplished the double 
feat of formulating the actual procedure of inference from facts 
and of stating the rules for such reasoning so carefully that, by 
following them, conclusions reached would be formally valid. 

Induction, for Mill, is reasoning from facts, and science con- 
sists in the discovery of the causes of effects. We shall have a 
good deal to say of Mill’s methods in connection with experi- 
mental methods in physical science, and we leave our treat- 

1 Hibben, ibid., p. 391- 
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ment of his conception of facts and of the origin of major prem- 
ises until that time.! 


PROBLEMS 


1. Contrast induction and deduction. 

2. What is the place of the syllogism in systematic problem solving ? 

3. What is the name in formal logic for the ‘law’ that is postulated in 
the expression: ‘‘ Accordingly a ‘ law ’ is postulated and its ‘truth’ is tested 
by the success of the predictions it enables us to make”’? 

4. What answers have been given to the question: ‘“‘ Where do major 
premises come from?” Give an example of a major premise coming from 
each source. 

5. Give some examples of the influence of predetermined principles on 
the interpretation of facts. Suppose it is taken as true that all animals 
were created after their kind, could a scientific evolutionary theory develop? 
Can scientific principles be applied to governmental problems on the assump- 
tion that the king can do no wrong? 

6. What is meant by induction by complete enumeration? Give ex- 
amples. 

7. How does J. S. Mill conceive induction? 

8. Of the three ideas: (a) bring your beliefs into harmony with each 
other; (6) bring your beliefs into harmony with authority; (c) bring your 
beliefs into harmony with the facts — which represents the spirit of induc- 
tive inquiry? Which that of formal logic? What intellectual attitude 
would the remaining one represent ? 

g. It is said that induction begins with facts. What does deduction 
begin with? Must all reasoning assume something, 7.e., take something 
as given? 
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CHAPTER XVI 


THE VALUE AND GROWTH OF METHOD 


By method, in general, is meant the operation or process of 
achieving any end through machinery set up for the purpose. 
Any process, however sporadic in its beginnings, becomes 
‘channelized’ by repetition; useless movements are ‘ lopped 
off,’ as the psychologists say, and successful ones ‘ stamped in.’ 
A successful way of acting then may become an object of in- 
vestigation, the subject matter of study as any of the 
apparently more objective things as plants or microbes. For 
example, we may study the method of extracting the square 
root of a quadratic equation in the same objective fashion as 
the behavior of a monkey or a reaction in a test tube. 

Man’s first efforts must have been along the lines of render- 
ing his surroundings a little more definite, of carving out crude 
meanings from the more or less chaotic mass of things and events 
that surrounded him. He built up meanings, formulated defi- 
nitions, by the method of ‘ trial and error,’ the type of behavior 
employed by the monkey in learning to open a latch or of a rat 
in mastering the intricacies of a maze. 

The value of method lies largely in this, that it shortens the 
interval between need and its satisfaction — not that we have 
a definite set of needs ab initio that clamor for satisfaction, 
and to satisfy them we consciously set about to develop a 
method. When all our energies are sapped and our time con- 
sumed in the elemental things of life, such as getting something 
to eat and wear, not much can be done in the way of enlarging 


the vision to include values that make man’s life fuller and 
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richer. The values of art, literature, science, and philosophy 
are made possible by the setting up of more adequate machinery 
as a mediator between elemental demands and gratification. 

The value of method can best be illustrated by examples. 
One of man’s greatest achievements is his development of a 
method of communication — language in its various forms. To 
call this feat to attention is enough to bring a feeling of its value 
to us even if quite vaguely. Without it we cannot even imagine 
the state of humankind. 

Simple counting which developed into arithmetic, simple 
surveying which led to geometry and trigonometry, are examples 
of the beginning of one of the most powerful instruments for 
handling things that man has developed. At first these were 
ways of handling things, of describing them, and of controlling 
them. Later man began to reflect on the instruments them- 
selves, became interested, not in counting things but in number 
itself; not in surveying things but in the ideal machinery by 
which it was done. Then arithmetic and geometry came to 
be sciences. 

A good way to determine the value of a method is to ask the 
question: What can be done with it that could not be done be- 
fore its discovery? Ask this of such instruments as arithmetic, 
trigonometry, analytic geometry, and the two forms of the 
calculus. Ask how much we owe to the idea of describing things 
in terms of quantity — how much, how little, and of being able 
to state our facts in accurate terms; of what value it is to be 
able accurately to indicate the place of a thing; of the signifi- 
cance of being in possession of the means of describing a moving 
body as to time and place and of being able to know its rate of 
motion at any point or instant. These and other bits of tech- 
nique give man a remarkable leverage on his environment. 

Growth of Method. The name given to man’s first general 
type of control of his environment is magic. Magic, for early 
man, is our scientific method today. The various operations 
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directed towards the securing of desirable objects, and all the 
special methods of procedure, make up this body of practices. 
Early man had his assumption, postulate, or axiom as the mod- 
ern has, namely, that nature is alive and possesses a spirit — 
through all things this spirit runs. The modern scientist speaks 
of the universality of causation, that every event has a cause. 
Early man with his magical rites attempted to do what modern 
man does, namely, to control the force that runs through nature. 
The difference lies largely in the difference in the notion of what 
this force is, and in the fact that modern man has more adequate 
technique in the way of instruments and rules of procedure. 
For the scientist the ‘force’ is cause, for the theologian it is 
God; while for the primitive man it is Wakanda or Manitou. 

Early man made good use of his means of control, limited 
though they were. He gave elaborate feasts to please the 
spirits, he built temples to them, he declared holidays in their 
honor, and sang songs of praise. 

The second stage or step in the growth of method might be 
called uncontrolled speculation. This stage is characterized 
by the substitution of natural causes or forces for supernatural 
—the belief that problems may be solved and explanations 
given in terms of phenomena in the world of common-sense 
experience. Ghosts and goblins no longer play havoc with the 
plans of man, but elements of nature, such as air, fire, water, 
and earth became the common clay out of which all things come 
and to which they ultimately return. To explain any phe- 
nomenon meant to account for it in terms of these elements. 
But explanation was accomplished not by definitely arranging 
experimental conditions for testing hypotheses, but by plausi- 
bility of argument alone. If an explanation seemed reasonable, 
what more could be asked for? There was no check on the 
limits of flights of the imagination except the lack of fertility 
of the imagination itself. 

Some remarkably suggestive guesses were made during this 
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period, such as the atomic hypothesis of Leucippus and Democ- 
ritus. They suggested that the world of nature and of the 
soul — everything that is, is made up of atoms all of the same 
quality (stuff). All differences which exist result from differ- 
ences in quantity of the atoms which make up the phenomena 
in question. They had no method by which they could test 
their speculations, and it remained for modern scientists with 
more adequate machinery to develop the significance of the 
atomic doctrine. 

The third stage is marked by the introduction of the syllogism. 
This remarkable instrument is a means of testing our argu- 
ments, but is not suited, as has been repeatedly pointed out, as 
a device for making discoveries. It is valuable as a means of 
harmonizing and organizing the beliefs we have, and in intro- 
ducing rigor into our arguments. The period in which the syllo- 
gism had its origin was one marked by great emphasis on argu- 
mentation and rhetoric, one in which man, not objective nature, 
was of chief interest. The syllogism became the organ for con- 
victing the mind of the disputant in the period of the sway of 
the Sophists in Greece. The assumption was that all argument 
could be reduced to syllogistic form, and when arguments were 
so reduced, the rules of the syllogism afforded a means of testing 
the validity of any argument. 

The next step is characterized not so much by the introduc- 
tion of a new method of thinking as by the change in the con- 
ception as to the purpose of reasoning itself. It was no longer 
the classification of knowledge through the syllogism, no longer 
organization of discourse in such a way as to gain the assent of 
anyone who carefully studied it and applied the tests admitted 
as genuine; but rather an attempt to use the mechanism set 
up by Aristotle for the purpose of harmonizing knowledge with 
the deliverances of revelation, and with authoritative pro- 
nouncements of those in charge of the spiritual and temporal 
welfare of mankind. That things are One was the axiom of 
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this attitude — one Lord, one Faith, one Baptism, one Rule, 
one Ruler. The business of thinking was to make patent the 
Oneness of things. 

The next and last stage may be called the experimental or 
inductive. The salient characteristics are (a) the emphasis 
on the importance of facts, (b) the development of instruments 
for a more accurate determination of facts, and (c) the added 
accuracy of statement of the results of experimentation. We 
have already considered some of the features of the first of these 
characteristics, and of the others we are able to speak but very 
briefly. 

(b) It is important to note that the rapid growth of physical 
instruments has had a remarkable influence on the growth of 
the sciences. Laboratories are now the equipment of the way- 
side school. Machinery for the accurate determination of 
facts has so multiplied that almost every science has its physical 
equipment — even “the science of the soul” makes use of 
campimeters, reaction machines, learning mazes, and many 
others. The telescope and the microscope have given us bigger 
eyes; the ‘ phones’ of various kinds, more sensitive ears; wheels 
and wings, longer legs; cannon and machine guns, longer and 
stronger arms; the radio, stronger lungs. 

What is the value of instruments? We mention two: they 
help us to find the facts, and they give an objective reading of the 
facts. These two are in reality one — the accurate determina- 
tion of facts. The telescope, for example, permits us to see 
more — our perceptual experience, the starting point of all 
science, is greatly enlarged. By its use Galileo was able to 
wrest from Jupiter the secret of his moons, and to show that 
the earth is not the only center of motion, a fact which paved 
the way for the general acceptance of the Copernican hypothe- 
sis. The physician finds his symptoms (facts) partly by use 
of apparatus such as the thermometer and the blood pressure 
machine; the biologist, by the microscope; the chemist, by 
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his tests as those for acid and alkali. Instruments are for the 
purpose of more complete analysis. Given any whole, what 
are the essential (for my purposes) elements of that whole? 
Facts are not given as the earlier inductive logicians were wont 
to believe, but significant facts are found through an analysis 
of a total complex which sets the problem. In the analysis 
and observation which issues in significant facts eyes and ears 
and brain and physical machinery are all needed. 

By an objective reading of facts is meant that instruments, 
since they are wholly removed from us and unprejudiced, give 
a more accurate report than we are able to give. By their use 
we are able to obtain an unprejudiced and an accurate report. 

No machine will reach a conclusion for us — we must always 
interpret the reports of mechanical devices. They help us do 
so, but there is something non-mechanical in every genuine con- 
clusion. This is a reason for the assertion that every genuine 
inference is a hazard, and why logicians sometimes define in- 
duction as the movement from the known to the unknown.! 

(c) Soimportant is the added accuracy in the statement of 
the results of experimental inquiry that this could possibly be 
classed as a new method along with the syllogism. However, 
it is rather a refinement on a method already employed than a 
new one, and we shall so consider it. As is well known the 
tendency of the sciences is towards mathematics. For example, 
physics is almost altogether a department of mathematics, as is 
so with the formal aspects of astronomy. While it is not possible 
to state all experiences in terms of mathematics, it is possible 
so to state large regions of that experience. The recent theory 
of gravitation of Einstein is an elaborate mathematics in which 
time and space are blended or conceived as types of order of the 
same fundamental kind. Threefold dynamics becomes four- 
fold statics — all mechanical facts are reduced to four-dimen- 
sioned geometry. The concept of gravitation as formed by 

1 Mill, J. S., zbid., Book LI, Ch. II, Sec. 1. 
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Newton becomes a strain or tension in ‘ world lines,’ which can 
be stated in terms of a codrdinate system of a very complex 
nature. Mathematics is rapidly becoming the language in 
which ultimately the conclusions of much of science can be 
stated. 

We may form a better idea of improvement in adequate state- 
ments of results of inquiry by suggesting the advantage one has 
as the result of the introduction of many new words into one’s 
vocabulary. This addition permits of the expression of nice 
distinctions, subtle shadings, and fuller analysis. We are able 
to give a minute description rather than a gross description. 
And to deal minutely with things has been of greatest impor- 
tance toman. He began with gross things and situations,! and 
his progress has been marked by the insinuation of his instru- 
ments into these gross situations and compelling them to yield 
up their elements. The germ, the infinitesimal, and the atom 
have done much to put man in control of his world. 

By the introduction of relations into the gross findings of 

experimental science we are able to make a more complete, more 
minute, and more accurate statement of the results of experi- 
mentation. The method consists in applying to these gross 
findings the keen tool of relational analysis, not unlike the pro- 
cedure in analytic geometry. In that science, for example, 
the position of a point, either fixed or in motion, is indicated 
by algebraic symbols, and then there is applied to these symbols 
the various processes of algebra. In a similar manner there is 
applied to causal relations, which are gross findings, the logic 
of relations, and the result is the accurate description of natural 
1¥For example, it is a gross judgment when we assert, “this is hotter than that”; 
“carbolic acid was the cause of his death”; “‘gravitational pull is the cause of the 
position of the moon at any given time,” etc. A minuter statement is possible when 
the thermometer enables us to say how much hotter one thing is than another; or 
when we are able to state the influence of the elements of carbolic acid on the tissues 
of the body, and the relationship that this influence has on bodily functions; or 


when we can state the gravitational pull in terms of space distortions, and these lat- 
ter in terms of relations of a very complex character. 
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phenomena, such as is found in the description of the physical 
universe by Einstein. 

As the term implies, the experimental stage in the growth of 
scientific method is dominated by the systematic interrogation 
of nature. By systematic is meant chiefly that aspect of investi- 
gation which involves the control of the conditions under which 
events happen. This is the essence of all experimentation. 
The success with which it is carried out is dependent largely 
on the nature of the material, the type of problem, and the 
instruments at the command of the investigator. For example, 
organic material is more complex and more difficult to deal with 
than inorganic; conditions are modified less easily and control 
is more indirect; the type of problem may be such that it is 
impossible to vary conditions directly as would be the case in 
dealing with events that are past. The machinery in the hands 
of the investigator determines how far he is able to go experi- 
mentally. If by reason alone it had been deduced that Jupiter 
has moons, this fact could not have been verified without the 
aid of the telescope. Not only physical machinery but mental 
as well — a stock of conceptions, a body of knowledge, z.e., terms, 
relations, and propositions — must be at the command of the 
investigator. The notion of infinity and of the continuum failed 
to develop sooner because of inadequate mental apparatus. 


PROBLEMS 


1. Read from Tylor, Anthropology, D. Appleton and Company, 1881, 
Pp. 309-72 for examples of magic. Write five. 

2. Read Rogers, A Student’s History of Philosophy, The Macmillan Com- 
pany, 1923, pp. 31 ff., or Marvin, History of European Philosophy, The Mac- 
millan Company, 1919, pp. 95-108, on Democritus and the atomic theory. 
Make a short outline of the reading. What reasons could you give for 
the failure of the atomic theory to develop further in the ancient and medie- 
val periods? Did the Greeks experiment as we think of experimentation? 

3. From the same authors read the treatment of the Sophists. Make 
a short outline of the reading. What was the real purpose of thinking from 
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their standpoint? What class in modern society would correspond to the 
Sophists? What is the meaning of ‘sophisticated’? 
4. Give several examples of what is meant by a ‘gross’ description of 
nature. Try to reduce these statements to a ‘minute’ description. 
5. Analyze the following statements and classify them as ‘gross’ or 
‘minute’: 
(a) This body is hot; 
(0) John is sick ; 
(c) The proposition is composed of terms and relations; 
(d) This body is ten degrees hotter than that; 
(e) His death was caused by ptomaine poisoning ; 
(f) Make a proof of the following proposition, analyze your proof, and 
classify it: When two straight lines intersect the vertical angles are equal. 
6. Give illustrations of the ‘trial and error’ method. Why is it more 
common in politics than in physics? Is it wholly absent from physics? 
7. Organize the following from the standpoint of the presence of trial 
and error, beginning with the situation in which it is most pronounced : 
(a) Learning to ride a bicycle; 
(b) Using the proper silverware at a fraternity dinner ; 
(c) Demonstrating the mechanical equivalent of heat ; 
(d) Determining the proper course of action in a debate; 
(e) Looking for a small animal through a microscope; 
(f) Solving a proposition in geometry. 
8. Describe your own reactions in the presence of a relatively novel 
set of circumstances. 
9. What is meant by the maxim, “we learn to do by doing’? Give 
several illustrations. 
to. What would you consider as among the chief values of a method 
for doing things? Illustrate these values from the fields of economics, law, 
medicine, and morality, respectively. 
11. As an example of a condition which man has as yet developed no 
method for dealing with is the prevention of wars. Name several others. 
12. Read from Berry, Short History of Astronomy, Charles Scribner’s 
Sons, t910; or from Cajori, History of Physics, The Macmillan Company, 
1899; and select examples of uncontrolled speculation. What differen- 
tiates experimental science from uncontrolled speculation ? 
13. What stage in the growth of method is illustrated by the following : 
“The condition of anatomy in the Middle Ages was the condition of all 
science in the same period. From its practical importance anatomy had to 
be taught to medical men, while physics and chemistry, biology and com- 
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parative anatomy remained in an undeveloped state. The way in which this 
science was taught is a feature which characterizes the intellectual life of the 
Middle Ages. Instead of having anatomy taught by observations, the 
writings of Galen were expounded from the desk, frequently without demon- 
strations of any kind. Thus his work came to be set up as the one unfailing 
authority on anatomical knowledge. This was in accord with the dominant 
ecclesiastical influence of the time. Reference to authority was the method 
of the theologians, and by analogy it became the method of all learning. 
As the Scriptures were accepted as the unfailing guide to spiritual truth, 
so Galen and other ancient writers were made the guide to scientific truth 
and thought.” (Locy, Biology and Its Makers, Henry Holt and Company, 
1915, P- 24.) 

14. What are some values of physical instruments in science? Name 
in what you would consider the order of importance five instruments of 
value to science. Show how their discovery aided the same science. 

15. ‘‘Science grows in proportion to the ability to apply mathematics 
to various types of subject matter.’ What does the statement mean? 
Illustrate it by naming the sciences in order, beginning with the most mathe- 
matical and running to the least mathematical. 


CHAPTER XVII 


OBSERVATION 


OBSERVATION is one of the elements into which systematic 
inference may be analyzed. If we think of systematic inference 
as a continuous process, and conceive of the elements of the pro- 
cess extending through its length, we have a more accurate idea 
of it than if we conceive of it as a whole analyzable into separate 
serial units. Observation is a thread running through the rope 
of inference, but is more pronounced at two points, namely, at the 
beginning and at the end of the process — at the beginning, in 
the selection and organization of relevant facts; at the end, 
in noting the results of the conclusions on other beliefs and facts, 
in determining how the conclusions harmonize with the facts 
already determined. 

The Essentials of Observation. The chief essential of scien- 
tific observation is the presence of a definite purpose. Observa- 
tion ‘in general’ never gets us anywhere. The purpose con- 
trols observation, it narrows the field in which energy is ex- 
pended. Observation may begin with a shock to the regular 
routine of our experience, such as hearing a strange noise. It 
is then directed to a discovery of just what the problem is or 
in getting us oriented to the difficulty. Again, it may begin 
with a conscious doubt about something that appeals to us, 
which clamors for confirmation or refutation. In any case 
there is an interest which sets the limits within which observa- 
tion occurs. 

Another essential is that observations be made by one whose 
experience in that field is wide. The expert’s observations are 


superior to those made by the layman. A mechanic’s observa- 
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tions on the efficiency of a motor are much superior to those of 
the manufacturer of chewing gum or the writer of a league of 
nations covenant. But a trained observer, one who knows the 
difficulties in the isolation, collection, and interpretation of 
facts, is more likely to succeed in a relatively novel field than is 
one whose experience is greater but who has not mastered the 
secret of careful observation. To know the difficulties, pitfalls, 
and hazards of an undertaking is of inestimable value. 

What Is Accomplished in Observation. What is the product 
of the process called Observation? In the first stage of this 
process the result is facts, stated formally through the proposi- 
tion; in the second, checking of inference with facts, which, when 
stated formally, usually takes the form of the hypothetical 
syllogism. Systematic inference takes its origin from facts and 
returns to facts, or, stated formally, from propositions whose 
validity is unquestioned to others of like kind. Observation 
is the name of the process that finds facts and determines 
whether the conclusions reached from them are consonant with 
experiences that are taken to be validated. To state this in 
terms of our discussion of definition, we may say that observa- 
tion is the name of the process by means of which the things 
whose meanings we are attempting to determine are discovered, 
and by which we discover whether there is consistency between 
the meanings already established and the newer ones we are for 
the time constructing. The discovery of facts is the first step 
towards the classification and definition of a thing—in the 
formation of the meaning of a given difficulty. 

Precisely what is fact in a given situation and what is im- 
mediate inference from the facts is difficult to determine. If we 
say, “‘ He looks prosperous,” we are reading into what we actu- 
ally see something that we do not see, namely, ‘ prosperity.’ 
We have drawn a hasty inference and that inference so telescopes 
with the facts of perception that we are usually unaware of the 
complexity of our supposedly simple experiences. 
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Recognition of the difficulties in determining what are facts 
and what are inferences from them, and knowledge of the impor- 
tance for systematic inference of unbiased fact-reports have 
led to the establishing of sign-posts along the route of obser- 
vation. 

Cautions in Observation. Facts may be observed either 
directly or indirectly. The method of direct observation is 
called perception; of indirect, there are two forms, namely, 
memory and hearsay. Other ways of getting at facts have been 
given, such as mystical intuition, the direct communication 
with some Force or Power. 

Through perception we become aware of such facts as chairs, 
tables, trees, and, in short, of what we call particular things. 
We never become aware of a principle by perception alone. 
From the standpoint of perception there are three kinds of 
conditions that make for inaccuracy and inadequacy of fact- 
reports, namely, (1) physical, (2) physiological, and (3) psycho- 
logical. 

(1) Physical conditions are such as weather, clouds, rainfall, 
fog, etc. The difficulties of the celebrated eclipse expedition 
of 1919, which had as its object the search for factual verifica- 
tion of Einstein’s doctrine of gravitation, is interesting in this 
connection. Weather conditions made it extremely difficult 
to make adequate photographs upon which calculations were 
to be made. Since it is impossible to vary conditions in such 
cases, the importance of proper physical circumstances can be 
readily appreciated. 

(2) Physiological conditions are such as have to do with 
various defects in the observer. He may labor under defective 
hearing or vision, he may have asthma or the gout, or his liver 
may be upset. Many agencies may be operative to distort 
the fact-reports. Much is said these days on the influence of 
bodily conditions on our fact-reports. ‘Temperamental differ- 
ences traced to a physiological background, glandular influences, 
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and many others give color to things that they do not possess. 
‘“‘ Our study of glands (such as the pancreas, the pituitary body, 
and the thyroid) has taught us that muscular activity cannot 
go on for any length of time without involving changes in these 
organs; sweat begins to form, sugar is released to serve as food 
for the muscles, adrenin is contributed to the blood stream, 
which not only neutralizes fatigue products but also acts upon 
the autonomic system in such a way as to increase the flow of 
the blood to the muscular organs in operation. The thyroid 
glands secrete and affect not only other glands, either increas- 
ing their output or checking it, but also possibly all the other 
cells of the body as well. The eating of the simplest meal starts 
another widespread series of changes in the body as a whole, 
beginning the moment food enters the mouth and continuing 
until the products of digestion are absorbed and stored up for 
future use and waste products eliminated.” ! 

(3) The most important source of bad factual rendering from 
the perceptual avenue is the psychological. We may class 
them as follows: 

(a) Past experience — education, native equipment, and 
the like; 

(6) Interest ; 

(c) Prejudice. 

We shall discuss each of these briefly. 

(a) Past experience, the mental habits of the individual, the 
environment in which he has been brought up, and the con- 
trolling customs and ideals of his group, are powerful factors 
in factual determination. Our inherited physical equipment 
and psychological bases which greatly determine the mental 
outlook and possibilities of the individual are also important. 
The training along certain lines of action renders us sensitive 
to stimulations in those channels, and the inevitable tendency - 
is to squeeze facts into the molds built up by that experience 

1 Watson, J. B., Psychology from the Stand point of a Behaviorist, p. 193. 
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and training. Men in different professions unconsciously in- 
terpret sense experience in terms of their various professions. 
To the interpretation of any bit of sense material we bring the 
stock of accumulated past impressions and associations. ‘ Our 
own language would sound very different to us if we heard it 
without understanding, as we hear a foreign tongue. Rises 
and falls of voice, odd sibilants and other consonants, would 
fall on our ear in a way of which we can now form no notion. 
Frenchmen say that English sounds to them like the gazowille- 
ment des oiseaux — an impression which it certainly makes on 
no native ear. Many of us English would describe the sound 
of Russian in similar terms. All of us are conscious of the strong 
inflections of voice and explosives and gutturals of German 
speech in a way in which no German can be conscious of them. 

“This is probably the reason why, if we look at an isolated 
printed word and repeat it long enough, it ends by assuming an 
entirely unnatural aspect. Let the reader try this with any word 
on this page. He will soon begin to wonder if it can possibly 
be the word he has been using all his life with that meaning. 
It stares at him from the paper like a glass eye, with no specu- 
lation in it. Its body is indeed there, but its soul has fled. 
It is reduced, by this new way of attending to it, to its sensa- 
tional nudity. We never before attended to it in this way, 
but habitually got it clad with its meaning the moment we caught 
sight of it, and rapidly passed from it to other words of the 
phrase. We apprehend it, in short, with a cloud of associates, 
and thus perceiving it, we felt it quite otherwise than we feel 
it now, divested and alone.”’ ! 

The influence of past experience, 7.e., of associations built 
up by the individual, is well shown in cases in which an accurate 
report is called for of an event seen or a conversation heard. 
_ “Tna trial, one witness noticed.at the seashore in the moonlight 

a woman with a child, while another witness was not less sure 
1James, William, Psychology, Vol. II, pp. 80-1. 
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that it was a man with a dog. And only recently passengers 
on a train which passed a courtyard were sure, and swore, that 
they had taken in at a glance the distant picture of a man whip- 
ping a child; one swore that he had a clean shaven face, a hat, 
and was standing, while another swore he had a full beard, no 
hat, and was sitting on a bench.” ! 

Psychologists and others interested in the accuracy of per- 
ception have devised many experiments along this line. The 
celebrated one of Professor Liszt is often given. ‘‘ A few years 
ago a painful scene occurred in Berlin, in the University Semi- 
nary of Professor von Liszt, the famous criminologist. The 
Professor had spoken about a book. One of the older students 
suddenly shouts, ‘I wanted to throw light on the matter from 
the standpoint of Christian morality!’ Another student 
throws in, ‘I cannot stand that!’ The first starts up, exclaim- 
ing, ‘ You have insulted me!’ The second clinches his fist 
and cries, ‘If you say another word —!’ The first draws a 
revolver. The second rushes madly upon him. The Professor 
steps between them, and as he grasps the man’s hand, the re- 
volver goes off. General uproar. At that moment Professor 
Liszt secures order and asks a part of the students to write an 
exact account of all that had happened. The whole had been a 
comedy, carefully planned and rehearsed by the three actors 
for the purpose of studying the exactitude of observation and 
recollection. Those who did not write the report at once were, 
part of them, asked to write it the next day or a week later; 
and others had to depose their observations under cross-ex- 
amination. The whole objective performance was cut up into 
fourteen little parts which referred partly to actions, partly to 
words. As mistakes there were counted the omissions, the 
wrong additions, and the alterations. The smallest number 
of mistakes gave twenty-six per cent of erroneous statements ; 
the largest was eighty per cent. The reports with reference to 

1 Miinsterberg, H., On the Witness Stand, p. 16. 
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the second half of the performance, which was more strongly 
emotional, gave an average of fifteen per cent more mistakes 
than the first half. Words were put into the mouths of men who 
had been silent spectators during the whole short episode; 
actions were attributed to the chief participants of which not 
the slightest trace existed; and essential parts of the tragi- 
comedy were completely eliminated from the memory of a 
number of witnesses.” ! 

(6) The interest of the observer also tends to distort the facts 
and to render him insensible to facts that do not harmonize 
with his interests. It is a commonplace that it is easy to find 
facts that lend coloring to an already dominant interest. The 
devil, it is said, experiences no difficulty in finding scriptures 
which support his contentions. ‘“‘ The force of the temptation 
which urges us to seek for such evidence and appearances as 
are in favor of our desires, and to disregard those which oppose 
them, is wonderfully great. In this respect we are all more or 
less active promoters of error. I will simply express my strong 
belief that that point of self-education which consists in teach- 
ing the mind to resist its desires and inclinations until they are 
proved to be right, is the most important of all, not only in 
things of natural philosophy, but in every department of daily 
ine. * 

Francis Bacon pointed out the danger of interest in the re- 
sults of a problem in language that is often quoted: “The 
human understanding resembles not a dry light but admits 
of a tincture of the will, and passions which generate their own 
systems accordingly; for man always believes more readily 
that which he prefers ; his feelings imbue and corrupt his under- 
standing in innumerable and sometimes imperceptible ways.” # 
The ideal of factual observation is the “ dry light of the under- 


1 Miinsterberg, zbid., pp. 49-50. ; 
2 Gladstone, Michael Faraday in Observations on Mental Education, p. 128. 
3 Novum Organum, Bk. I, Aph. xlix. 
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standing,” but this ideal is attained, if at all, with the greatest 
difficulty. It is more nearly reached in the nature sciences and 
is increasingly difficult of attainment as we move through the 
biological to the social. Of the social interests it is probable 
that politics and certain aspects of industrial life are most open 
to the charge of “ warping of the facts.’ Court procedure, 
especially the trial aspects of criminal cases, is another phase 
of experience in which the question ‘“‘ What are the facts?” 
is extremely difficult to answer. In mathematics and nature 
sciences men usually “‘ have no axes to grind”’ other than a 
theory of their own which they hope to justify. It makes little 
difference to the Fordney-McCumber tariff, for example, or to 
our prospects of matrimony whether or not it is possible to state 
the facts of celestial mechanics in a codrdinate system of four 
dimensions. We can ordinarily deal with the facts of celestial 
mechanics in isolation from most of the interests which tend to 
warp man’s judgment. This has not always been so, however, 
as celestial mechanics once did interfere with some of our most 
deep-seated prejudices and interests. Biology, in some quarters 
even today, seems to meet with other conflicting interests; and 
when we come to politics, we encounter almost insuperable 
difficulties. A ‘party man’ is committed in advance, so his 
responses to stimulations which issue in fact-reports are already 
predetermined. The result is that there are no established and 
well-recognized facts upon which an hypothesis can be erected. 
Formally stated, there is no proposition whose validity is un- 
questioned and which can stand as a basis for formal inferences. 

In industry we meet with similar difficulties — distorted fact- 
reports due to interest. Fortunately we have learned to dis- 
count the claims of the man who has the ‘ best’ so and so in 
the world; we have learned to discount the fact-reports of the 
paid advocate and the subsidized institution ; but it is extremely 
unfortunate for the advancement of scientific knowledge that 
this is the case. 
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If we take such a field as banking — indeed complex — and 
ask the question, “‘ What are the facts which led to the Federal 
Reserve System, or to the Guaranty of Bank Deposits Acts? ” 
we shall find answers running all the way from the destructive 
characteristics of chinch bugs to the whim of some financier. 4 
Also ask whether these are valuable bits of legislation and the 
answer may be based on such considerations as ‘‘ during whose 
administration were they passed,” or whether “I am getting 
anything out of them.” 

(c) Prejudice, of course, is a form of interest, but as used here 
it indicates a more deep-seated interest or passion. Interest 
is more shifting. We may be interested in ducks today since 
we are duck shooting, and interpret the fact of a leaf projecting 
from the water as a duck and act accordingly. But we are not 
necessarily interested in ducks when engaged in our regular 
vocations. Political interests are often of this passing sort, 
unless we are professional politicians, when our interests become 
crusted into prejudices. These prejudices which distort our 
fact rendering, and hence the whole of systematic inference, 
have been finely characterized by Bacon. He calls them Idols. 
The observer might well start his task with the prayer, “‘ Deliver 
me this day from my Idol.” Bacon gives them picturesque 
names, The Idols of the Tribe, the Idols of the Den, of the 
Market-place, and Idols of the Theater. 

“The formulation of notions and axioms on the foundation 
of true induction is the only fitting remedy by which we can 
ward off and expel these idols. It is, however, of great service 
to point them out; for the doctrine of idols bears the same rela- 
tion to the interpretation of nature as that of the confutation 
of sophisms does to common logic. The idols of the tribe are 
inherent in human nature, and the very tribe or race of man; 
for man’s sense is falsely asserted to be the standard of things ; 
on the contrary, all the perceptions, both of the sense and of 

1See Robb, T. B., The Guaranty of Bank Deposits, pp. 165 ff. 
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the mind, bear reference to man and not to the universe, and 
the human mind is like those uneven mirrors which impart their 
own properties to different objects from which rays are emitted, 
and distort and disfigure them. 

“The idols of the den are those of each individual, for every- 
body (in addition to the errors common to the race of man) has 
his own individual cavern or den which intercepts and corrupts 
the light of nature, even from his own peculiar and single dispo- 
sition, or from his education and intercourse with others, or from 
his reading, and the authority acquired by those whom he rev- 
erences and admires, or from the different impressions produced 
on the mind as it happened to be preoccupied and predisposed, 
or equable and tranquil, and the like; so that the spirit of man 
(according to its several dispositions) is variable, confused, and, 
as it were, actuated by chance; and Heraclitus said well that 
men search for knowledge in lesser worlds, and not in the greater 
or common world. 

“There are also idols formed by the reciprocal intercourse 
and society of man with man, which we call idols of the market, 
from the commerce and association of men with each other, for 
men converse by means of language, but words are formed at 
the will of the generality, and there arises from a bad and unapt 
formation of words a wonderful obstruction to the mind. Nor 
can the definitions and explanations with which learned men are 
wont to guard and protect themselves in some instances afford 
a complete remedy — words still manifestly force the under- 
standing, throw everything into confusion, and lead mankind 
into vain and innumerable controversies and fallacies. 

“‘ Lastly, there are those idols which have crept into men’s 
minds from various dogmas of peculiar systems of philosophy, 
and also from the perverted rules of demonstration, and these 
we denominate idols of the theater; for we regard all the sys- 
tems of philosophy hitherto received or imagined, as so many 
plays brought out and performed, creating fictions and theatri- 
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cal worlds. Nor do we allude merely to general systems, but 
also to many elements and axioms of sciences which have be- 
come inveterate by tradition, implicit credence, and neglect.” ! 

Of these prejudices or idols one may not be more important 
and significant than another, but it is worth while to pause a 
minute on ‘‘ those which have crept into men’s minds from the 
various dogmas of peculiar systems of philosophy.” By these 
Bacon means the prejudices induced by doctrines of various 
kinds that we bring to our facts and their interpretation. We 
tend to approach them with our minds already made up as their 
nature and meaning — with a theory in advance guaranteed 
by some authority, divine or human. Before the time of Coper- 
nicus the facts of astronomy were seen through a preconceived 
theory accepted by the church, the geocentric conception; be- 
fore Darwin species were thought of as fixed after the fashion 
of Plato’s Ideas, and the notion of fixity had become an accepted 
dogma of philosophy, science, and religion; before the time of 
Einstein Newtonian gravitation was universal, but now New- 
ton’s conceptions are regarded as a case of a more general prin- 
ciple; prior to the metageometers space was three-dimensioned 
and straight, and physical phenomena were treated on the basis 
of this fact, but with the arrival of Bolyai, Lobatchewski, 
Minkowski, and others, it was found that three-dimensioned 
space is a case of a more general space, as two-dimensioned 
space is a case of or included in three-dimensioned space, and 
that space may be curved or crinkled; psychology was once 
an affair of the soul, and since nothing had souls but man, the 
science was limited to that field, but when it became the science 
of behavior, all animal organisms became the subject matter of 
scientific research from the psychological standpoint ; political 
treatises were once a panegyric on the wisdom of the ways of 
kings to subjects, but with the coming of the ‘ rights of man,’ 
the order of sequence was reversed. In every field of interest 

1 Bacon, ibid., Aphs. xxxix ff. 
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men have developed idols of the theater which bias their in- 
terpretation of the facts of their experience. The moral that 
the history of science teaches, if we wish to draw a moral lesson 
from its development, is that in thinking we should accept our 
idols of the theater, our thought world, not as crusted prejudices, 
nor infallible dogmas, but as the best weapons thus far carved 
out for dealing with facts; and further, the moral that greatest 
progress has occurred in those regions in which the observer 
is relatively free from the trammels of preconceived notions 
supported and upheld by some authority, 7.e., when he ap- 
proaches his facts with an open mind. 

Closely connected with interest, prejudice, and such psycho- 
logical determinants of fact-reports, is the emotional disturbance 
of the observer. The setting may be such as to disturb the mental 
equilibrium of the observer, and the result is a distorted fact- 
report. The lawyer who pleads his own case, so the proverb 
has it, has a fool for a client. Some situations are too dramatic 
to permit an immediate accurate description. An excellent 
example is found in the experience of Professor James Henry 
Breasted in the tomb of Tutenkhamon.! After giving a de- 
scription of the surroundings Professor Breasted continues: 
“.. . Under this blaze of light I beheld the antechamber of 
a pharaoh’s tomb still filled with the magnificent equipment 
which only the wealth and splendor of the Imperial Age of 
Egypt in the fourteenth century before Christ could have 
wrought or conceived; and, as it first seemed, with everything 
still standing as it was placed when the tomb was closed three 
thousand two hundred and fifty years ago. The gorgeousness 
of the sight, the sumptuous splendor of it all, made it appear 
more like the confused magnificence of those counterfeit splen- 
dors which are heaped together in the property-room of some 
modern grand opera than any possible reality surviving from 


1 Breasted, James Henry, Some Experiences in the Tomb of Tutenkhamon, Alumni 
Pamphlets of the University of Chicago, No. 2, pp. 7-9. 
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antiquity. Never was anything so dramatic in the whole 
range of archeological discovery as this first view vouchsafed 
us here when the white curtain was pulled down. ... Stepping 
in at last, I was utterly dazed by the overwhelming spectacle. 
The chamber was, I should guess, about fourteen by somewhat 
more than twenty feet in size. Against the rear wall, and oc- 
cupying almost its entire length of over twenty feet, were placed 
head to foot three magnificent couches all overwrought with 
gold. As we face them they were breast high and evidently 
required a flight of portable steps when majesty mounted to 
bed. The one at the end was made in the form of a standing 
panther, the creature’s head rising as the bedpost at the head 
of the couch where his forelegs furnished also the supporting 
legs of the couch, his hind legs serving the same function at 
the foot. In the same way the middle couch had the form of 
a mottled cow with tall horns, and the third at the left was a 
grotesque Typhon-like hippo with mouth open showing the 
grinning teeth. Under the couches were chairs and caskets, 
chests and boxes. The chairs were sumptuous and magnificent 
beyond description. One of them, indeed, and by far the finest, 
which was mentioned in the dispatches as a throne (though this 
is not correct), displays in the inside of the back representations 
of the king and queen standing together, the work done in gold 
and silver with incrustation and inlay of semiprecious stones 
in bright colors. In art and craftsmanship it is one of the finest 
pieces of work now in existence from any age of the world, and 
far surpasses the best work of the craftsmen now surviving from 
any other early time or people. 

“ Literally stunned with surprise and admiration, I could only 
utter one ejaculation of amazement after another, and then turn 
and shake Carter’s hand. Emotion struggled with the habit 
of years to observe and to understand. The critical faculties 
were getting much the worst of it in the struggle. There was 
reason enough, for all about us lay a completely new revelation 
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of ancient life, quite transcending anything of which we had ever 
known before. * * 6: Sethu de es . 

“J wandered up and down before the couches, aimlessly 
fingering notebook and pencil. Of what use were notes made in 
such a state of mind, with a whirling myriad of thoughts and 
details crowding for record all at once? ” 

Indirect Methods of Observation. We have been dealing 
with perception, the direct method of observation, and have 
indicated some of the difficulties therein. These difficulties 
are not wholly perceptual but run all the way through syste- 
matic inference; but we have considered them under perception 
because of the importance of the latter for all reasoning. 

The indirect method of memory is subject to the same disabil- 
ities as perception, since the former is founded upon the latter ; 
but it is subject to additional difficulties. Memory is quite a 
complex process involving four distinct factors, namely, learning, 
retention, recall, and recognition. The whole memory process 
traces ultimately to perception. Any difficulty in perception 
will crop out in one of the elements into which the process of 
memory may be analyzed. The complexity of memory renders 
it more dangerous as an instrument in factual interpretation. 
The original learning may have been faulty, much actually 
learned may not have been retained, recall may be partial, and 
there may be no awareness of the time and place of the origin 
of the memory image. Any breakdown along the line bears 
fruit in the facts which form the basis of the hypothesis. 

There are other psychological factors which enter into these 
processes — the likes and dislikes of the observer, his training 
and experience, what he is looking for at the time, whether or 
not he expects to be called upon to report his observations, how 
his learning has taken place whether in rote fashion or in logical, 
how long between learning and recall, the rate of presentation 
of the material to be learned, physiological and emotional con- 
ditions of the observer during any of the processes of memory, 
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and many others. It is not much wonder that cross-examina- 
tions in criminal cases are often grilling, or that a scientist gives 
little if any attention to facts vouched for by memory only. 

Scientists have recognized the errors of the way of memory 
and have sought to fortify against them. Darwin, one of the 
keenest of observers, has this to say of memory: “I had also, 
during many years, followed a golden rule — namely, whenever 
a published fact, a new observation or a thought came across 
me which was opposed to my general results, to make a memo- 
randum of it without fail and at once; for I had found by ex- 
perience that such facts and thoughts were far more apt to escape 
from the memory than favorable ones. Owing to this habit, very 
few objections were raised against my views which I had not 
at least noticed and attempted to answer.” ! 

We take more or less lightly the songs of praise of “‘ the good 
old days.” Poets, moralists, legalists, and others have the 
habit of contrasting the present with the good days gone 
forever, greatly to the disadvantage of the present —a fact 
which gives origin to a good deal of pessimism. 

Of the second method of observing facts indirectly, namely, 
hearsay, we shall have but little to say at this point since we 
consider it more in detail in the treatment of legal procedure. 
Hearsay is extremely unreliable. It may not be far wrong to 
say that the accuracy of reports varies inversely with the number 
of reporters. The examination of ‘ rumor tests ’ soon convinces 
one of the unreliability of fact-reports guaranteed by no other 
source than memory. 

PROBLEMS 


1. What are the essentials of observation? Why is the expert’s obser- 
vations more reliable than the layman’s? Interpret this in terms of ineffi- 
ciency in governmental service. 

2. What is the purpose of observation? See problem 13 of Ch. XVI, 
and answer the question: What reasons are there for the failure of anatomy 
to develop in the Middle Ages? 

1 Autobiography, p. 87. Quoted by Sellars, ibid., p. 192. 
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3. A perception = (a) a combination of sensations, plus (b) a subcon- 
scious inference. Mal-observation may be the fault of either (a) or (0). 
If it is the fault of (b), it may be due to any of the psychological factors dis- 
cussed in the text, such as habit, past experience, and the like. How much 
of what one perceives is due to (¢) and how much to (6) in each of the fol- 
lowing : 

(a) Seeing a marksman shoot a clay pigeon ; 

(b) Hearing an automobile pass, a block away; 

(c) Seeing a prestidigitator take an object from a pocket in which it was 
not? (J) 

4. What are the causes of mal-observation in the following cases: 

(a) Two objects looked at through a stereoscope seem to be one, and 
they seem to be solid instead of flat; 

(b) The sun seen through a fog sometimes appears red ; 

(c) Mirrors increase the apparent size of a room; 

(d) Distant objects appear small ; 

(e) Patients often seem to feel pain in amputated parts; 

(f) A table seems to throb if the fingers are pressed against it ; 

(g) We sometimes seem to feel the motion of a boat after landing; 

(hk) Differences in what an ordinary observer, a botanist, and an artist 
perceive ; 

(«) Looking at one’s watch and not knowing the time a moment later; 

(j) Not seeing the people one meets; 

(k) Mistaking the order of numbers as 546 for 564, or of letters as in 
reading there for three; 

(1) Finding a likeness between an infant and its parents; 

(m) Shooting a man for a deer while hunting in the woods; 

(n) The child’s “seeing” things at night ? 

5. State the causes of erroneous memory, and classify each of the fol- 
lowing under its proper category : 

(a) Forgetting cases which do not support one’s own view; 

(b) Forgetting certain items on list of things to be bought; 

(c) ‘‘Remembering”’ events that occurred before one was born; 

(d) ‘“‘Remembering”’ the apt replies one might have made (instead of 
what one actually did say) ; 

(e) Memory of the ‘‘good old days” as better than the present ; 

(f) In how many different ways could you account for persons saying 
that he had seen a ghost? 

(g) Why does a believer in spiritism apparently get more information 
from mediums than one who does not believe in them? 
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(h) Does the following experience furnish evidence in favor of telepathy, 
or is it probably a case of erroneous memory? 

“Miss R., on waking up one morning and sitting up to get something 
from her table, saw Mrs. J. W.’s face in two places nearly or quite at once. 
She noted the time and intended to write out the vision in the morning, but 
forgot it until she heard two days later that that night J. W. had died, and 
that about the time she saw Mrs. J. W.’s face, Mrs. J. W. and her daughter- 
in-law were talking about her kindness to them. She then wrote out the 
account.” (Amy E. Tanner, Studies in Spiritism.) 

6. Name the four Baconian ‘Idols,’ and classify each of the following 
in its proper category : 

(a) Being a republican because your grandfather was; 

(6) “There are no spots on the sun,” said the superior to the monk 
who thought he had seen them, ‘“‘but the spots are in your eyes; for I have 
read Aristotle many times and he nowhere speaks of spots on the sun’’; 

(c) The belief that there is an ‘‘all-seeing”’ eye from which none of the 
acts of man can be hidden; 

(d) Two men may agree that ‘democracy’ is a desirable social attitude 
but may not agree on any specified act or program of action as ‘democratic’ ; 

(e) A churchman interprets a set of conditions from the standpoint of 
his profession ; a business man, from his standpoint, etc. ; 

(f) Socrates was condemned for “corrupting the youth and teaching a 
false religion”’ ; 

(g) The heavenly bodies must describe a circular path, for circular mo- 
tion is the only perfect kind of motion; 

(kh) There is no doubt about the soundness of this business policy for 
it makes for competition and competition ‘“‘is the life of trade.” 

7. Name several fields of interest in which it is extremely difficult to 
get an accurate statement as to what really the facts are. Do all statements 
seem to be ‘warped’ by the peculiarities of the one making them? The 
Sophists taught that “‘man is the measure of all things.” In the light of 
the discussions in the present chapter, what would you say to their 
idea? 

8. Let us agree for the present that man does in fact interpret the world 
largely in terms of himself — that he is anthropomorphic. Suppose a lower 
animal such as an ant or a horse were able to interpret the world, and sup- 
pose that its institutions would be analogous to our own, what would be the 
nature of (a) the ‘ruler’ of the country, (b) the ‘gods,’ (c) the idea of ‘effi- 
ciency,’ (d) man? 

9. Show the place of observation in diagnosing a case of illness which 
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turns out to be typhoid fever. In determining what is wrong with the 


engine of an automobile. 
10. Think of a few situations in which emotional disturbance might render 


fact-reports inaccurate. 
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CHAPTER XVIII 


EXPERIMENT AND EXPERIMENTAL METHODS 


The Nature of Experiment. Experimentation is organized 
and controlled observation. We employed the term ‘ observa- 
tion ’ to denote those activities in inquiry which occur without 
definite instruments and precise conditions. Nature (or what- 
ever we are observing) is carrying on her activities and we are 
interested and purposive spectators. But we may interfere 
with the ordinary, natural run of things, take a part in directing 
forces, and check up on the processes with all the machinery at 
our command. Such a process is called experimentation. Ob- 
servation is not passive, but is active looking, searching, guided 
by an idea, plan, or purpose; experimentation involves the 
same active looking, guided by the definite aim of introducing 
into the material that sets our problem the means which we 
have achieved for rendering that material rational, but with 
this addition — the experimenter becomes one of the factors 
in the process. He interferes, suggests, controls, begs, quizzes, 
and commands. He asks nature specific questions and provides 
conditions such that she must answer them. He takes nature 
by storm, so to speak, and so taken, she reveals many of her 
secrets. When he is unable to take her by storm, he lays siege 
to her, prepares decoys, sets traps, courts her with all his cun- 
ning, so that in the end, if he is patient, valiant, brave, aggressive, 
and resourceful, he wrests from her the story he seeks, calls it 
a law of nature; and, failing to keep the secret, he publishes 
it to the world in textbooks on physics so that others may share 


in the joys of his discovery. 
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An individual engaged in the business we have described 
is experimenting ; precisely how he does these things is ex- 
perimental method ; the finished product is knowledge or 
science. 

The Purpose of Experimental Method. Experimental meth- 
ods may be directed to any of the following purposes : 

(a) the discovery of facts upon which to build hypotheses or 
to use in developing one already entertained ; 

(6) for testing an hypothesis already partially established ; 

(c) for the discovery of facts without reference to further 
hypotheses. 

In the language of thought or product the purpose of experi- 
mentation is to formulate a definition or a proposition in its 
relationship to other bodies of thought that are unquestioned, 
i.e., assumed to be true or valid Experimentation results 
in propositions in the form of laws, equations, and the like, 
which become a part of the knowledge structure of the world. 
The structure so formed becomes the subject matter of formal 
logic — the logic of propositions, both class and relational. 
Experiment brings the matter that sets our problem into re- 
lation with a system of beliefs already established. Thinking, 
taking its instruments from its past achievements, introduces 
them into the relatively unknown material and compels this to 
yield to these instruments. This relatively unknown material 
is explained when it becomes a part of that great body of beliefs 
which are accepted in that region of experience — when, that 
is, it becomes like something else, greater than something else, 
included in, excluded from, antecedent to, cause of (and the like) 
something else. The ‘something else’ is symbolized by terms; 
the ‘like,’ etc., by relations. When the two (terms and rela- 
tions) are united in a significant proposition or series of proposi- 
tions, we then have the material on which may be performed the 
various operations of formal logic, such as obversion and re- 
lational multiplication, by means of which numerous other 
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implications are discovered, some of which need not be relevant 
to the world of fact from which we started. 

In thinking, however, in the process of pushing out the bound- 
ary lines of knowledge a little, the hypothesis is always quite 
flexible — more in the early stages of inquiry, less as it progres- 
sively becomes verified. It is yielding to facts as facts are 
arranging about it. 

Types of Method. Method becomes differentiated into types 
on the principle of the nature of the subject matter of investiga- 
tion. Physics deals with a different type of subject matter 
from that of history, mathematics from sociology, astronomy 
from psychology, geology from jurisprudence, etc. Some kinds 
of material submit more readily to control, as the elements of 
chemistry; others are more recalcitrant, as ‘human nature’; 
some phenomena of physical nature are too vast to be controlled 
directly ; some things have already happened and cannot hap- 
pen again; some things happen one way this time and another 
the next time of their occurrence, so that methods that deal 
with uniform occurrences will not apply. Such differences lead 
to different types of method. 

(a) Methods in Physical Science. The physical sciences have 
had eloquent advocates. The rapid development of astronomy, 
physics, and chemistry in the early years of the modern period 
of the history of western civilization soon attracted the atten- 
tion of logicians who set about to formulate the methods that 
resulted in such fruitful conclusions. The investigators in 
the departments of science themselves were usually too busy to 
write methodologies, although occasionally men of genius as 
Newton would give “ Rules for Philosophizing,”’ or Herschel 
formulate procedure in “‘ Discourses on the Study of Natural 
Philosophy.” 

To John Stuart Mill (cir. 1850) is given credit for the best 
formulation of the methods employed by the physical scientist. 
It was his hope that they would be applied to the sciences dealing 
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with man. The five methods of Mill will be considered in their 
proper place.!. Here we wish to point out that they were formu- 
lated from the procedure of the physical scientist, find their 
application largely, although not wholly, in the realm of physi- 
cal science, and that they are based on assumptions made by 
such investigators as Newton concerning the nature of the 
material that physical science deals with. The methods are 
based on certain assumptions concerning the nature of time, 
space, and matter, the fundamental concepts of classical physics. 

(6) Methods in Biological Science. The biological sciences, 
operating on the assumption that events are causally determined 
and that these causes are natural, z.e., can be controlled, also 
are able to make use of methods that apply to the physical 
sciences proper. The material of the biologist is more complex 
than is that of the physicist in that the former is engaged with 
what is called ‘ matter’ as is the latter, and also with more, 
namely, ‘ life.’ ‘ Live matter ’ is more complicated than ‘ mat- 
ter.’ The biologist, therefore, should make use of a more elabo- 
rate technique in the discovery of facts and in the verification 
of his hypotheses. We notice that both physicist and biologist 
are attempting to do the same things, namely, to introduce 
‘ law ’ into the material which furnishes their problems, to afford 
a ground for the prediction of future events, and to state the 
behavior of the material which interests them. They both 
follow the steps of observation, hypothecation, and testing; but 
the exact technique of each is different. 

(c) Methods in the Human Sciences. The most complex 
type of material is not that of physics nor of biology (although 
the latter may deal in some ways with man and his relation- 
ships), but that of the investigator who takes seriously the 
dictum of Pope, ‘the greatest study of mankind is man.” 
Remembering the purpose of science —the organization of 
material, the discovery of constancies in change, a formulation 

1See Ch. XX. 
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of the methods of the behavior of things — we find the ‘ ma- 
terial ’ or the ‘ things ’ in the ‘ human sciences’ so complex and 
the behavior so diversified that it becomes very difficult to reach 
any constant and universal rules of action. Undoubtedly 
this material “speaks a various language.”’ His is the lan- 
guage of morality, religion, science itself, jurisprudence, history, 
industry, and philosophy. Does it seem absurd that man should 
develop a method of dealing with the facts and hypotheses of 
his world, and then turn these methods on himself to see if he 
can control, predict, experiment on, understand himself? He 
does so at any rate, and we shall later examine some of his 
attempts.! 

(d) General Methods. We shall call those methods general 
which are applicable to any subject matter which is largely 
beyond the control of the investigator. There is no certain 
method at our disposal by which we may know, for example, 
what may be the exact condition of the relationship between 
‘capital’ and ‘labor’ two years hence; or of knowing what 
our own personal condition will be; as there is of knowing the 
condition of the heavenly bodies two years hence, or the proper- 
ties of a cubic equation. But we are not satisfied unless we 
have some way of dealing with these more hazardous phenomena, 
and we have invented statistics and probability to help us in our 
ignorance. 

These types of method will be exemplified in later chapters. 


PROBLEMS 


1. State the purpose of experimental methods in the language of thought 


or product. 
2. State some of the differences between an experiment in physics and 


one in biology. 
3. Do we perform experiments in geometry? Give reasons for your 


answer. 
4. In what region of investigation do we use statistics? 


1 See Chs. XX-XXIII. 
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5. Select an experiment you have performed, say, in elementary physics, 
and state precisely what you did. 

6. What is meant by explanation ? 

7. Distinguish between observation and experimentation. 

8. Give an example of each of the three purposes of experimentation. 

9. State the purpose of observation and experimentation in each of the 
following : 

(a) Einstein’s assumptions led him to the conclusion that light from a 
star as it passes the sun would be bent towards the sun. The ‘eclipse ex- 
pedition’ of 1919 found this to be true. 

(b) If the evolutionary hypothesis is true, scientists should find a gradual 
increase in complexity of fossil remains as they pass up through the various 
strata of the earth’s surface. Observation has disclosed that this is actually 
the case. 

(c) A bank cashier discovers the disappearance gradually of small sums 
of money. Circumstances lead him to suspect clerk A. He makes oppor- 
tunity for theft, and finds that A is guilty. 


REFERENCE 
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CHAPTER XIX 


THE HYPOTHESIS 


Meaning of the Hypothesis. The Hypothesis is a tentative 
explanation of a given set of facts; it is a provisional definition. 
In terms of formal logic it is a proposition used in a universal 
sense. So taken it yields to all the types of operations which 
we have treated in deductive inference, or the thought aspect 
of logic. In systematic inference, however, we begin not with 
propositions but with facts. Given facts point to, suggest, in- 
dicate something not immediately given just as a given proposi- 
tion implies other propositions. This ‘ something ’ which given 
facts suggest or indicate may be (a) either another fact to be 
determined or (0) what we may later call a theory. 

We find, for example, the shrubbery on the lawn broken down. 
This fact demands explanation— we wonder what did it, 
whether our dogs or our neighbor’s children. We see the foot- 
prints of a child and are led to that explanation. We look fur- 
ther and find some playthings of children scattered about in 
the shrubbery, and we feel that that explanation is sufficient. 
In (6) we are searching for some principle, some general law that 
will give meaning to what we are observing. We note certain 
rock formations, we discover a peculiar kind of rock which we 
should not expect to find in that locality; we observe that the 
rocks have the appearance of having been moved by some 
great force — they have scratches on them, and possibly the 
impressions of plant forms that are strange and not found in 
that locality, or indeed at any place on the globe. We desire 
a statement of the conditions of the earth that would make 
such facts have a place therein. If we are brilliant as was 
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Agassiz, these facts may suggest the glacier hypothesis. Once 
suggested, this hypothesis is then used asa tool for explanation, 
it becomes a major premise, and may work so well as to become 
generally accepted, z.e., become a fact which takes its place 
among the material which may be used for a more general 
hypothesis. Formally, the hypothesis may become a part of 
the thought structure of the world. 

But in either case the given material — the broken-down 
shrubbery and the rock formations — suggests something 
that is not given to immediate, direct observation. We can 
never observe the children in the shrubbery nor the action 
of the glaciers, since both events are past; but on the assump- 
tion of the truth of the propositions, “‘ there were once children 
here,” and ‘‘ there were glaciers then,” we can fit together a 
complete mosaic which will give meaning and continuity to 
the facts. 

The hypothesis, from the standpoint of thinking, may be 
defined as that state of affairs which we set up to give content 
or background or meaning to conditions that are open to direct 
observation. From the standpoint of thought it is a proposition 
that stands as a major premise, and used as a tool for the inter- 
pretation of novel situations in a particular region of experience. 
From the standpoint of the thinker the hypothesis is the ‘ miss- 
ing link ’ which the facts elicit, a mediator between doubt and 
satisfaction, hesitation and willingness. It is a bridge that 
we walk, often not by sight but by faith, from the “ Slough 
of Despond”’ to the “ Eternal City.”” The bridge may be 
shaky and feeble at first, but by use it becomes strong; event- 
ually it may become so strong, the way between the figurative 
abodes so lighted with the lamps of intelligence, that it is no 
longer thought of as a way between two situations or conditions, 
but as a part of the fact structure of the world we live in. It is 
no longer a bridge, but a characteristic of things themselves, 
and often a thing itself. 
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Added light may be shed on the nature of the hypothesis 
by considering it in relation to certain other terms in the world 
of thought — the terms, namely, fact, theory, and law. Prac- 
tical thinking as well as scientific begins with facts and returns 
to them — it returns by way of hypothesis, theory, and law. 
This may be illustrated by a diagram. 


Hypothesis 


FicurE XIV 


Facts suggest, point to, indicate, an hypothesis; and experi- 
ence, practical and scientific, tends to confirm or validate it (or 
the contrary). As it becomes increasingly verified, the hypoth- 
esis changes from the status of a “ mere” hypothesis, and be- 
comes more “ dignified’? —it becomes a theory. ‘This, in 
turn, may ‘‘ work ” so well, z.e., it may become so generally 
accepted as an instrument of prediction and interpretation, 
that it becomes a/aw. When this stage is reached, the law be- 
comes one of the facts which is taken for granted in the world 
of common sense and that of science. Thus, it is seen, that 
what we call a fact is after all an hypothesis so generally ac- 
cepted that no one questions it. What is now so generally 
“settled ” has not always been so, and, indeed, need not re- 
main so; but much of our settled world, the facts that we are 
accustomed to speak about, have been met so often that we 
are able to react to them on the level of habit. We begin in 
thinking with facts, z.e., with hypotheses so well established 
as to be unquestioned in many respects, we project other hypoth- 
eses less well established, or rather in no way established, which 
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then become candidates for verification (or rejection), 7.e., 
candidates for fact status. Passing through the various ‘ de- 
grees ’ of theory and Jaw, the hypothesis takes its position as a 
member of that vast kingdom of common beliefs. 

We speak of the facts of mathematics, meaning possibly the 
axioms; we speak of the Nebular hypothesis; the theory of 
evolution; the Jaws of motion. We may frequently find 
differences of opinion as to what is a fact, what theory, and 
what law. For example, many would say that evolution is 
a fact — and the people most inclined to do so would be those 
who have given most study to biological phenomena. On the 
other hand, there are those who would say it is an unverified 
hypothesis, a mere guess. In such cases, it would seem, it is 
the judgment of the expert that should command our respect — 
the judgment of the one whose experience renders him a com- 
petent witness. 

Analogy and the Origin of the Hypothesis. Hypotheses 
always originate out of a set of circumstances that cannot be 
understood immediately. When we “ take it all in at a glance” 
we have no need of mediation, of thinking, and hence of hypoth- 
eses. It is always in the presence of a difficulty that hypotheses 
arise. Where do they come from? The answer to this is that 
they arise out of the funded experience of the observer; they 
are the children of a vivid imagination. Sometimes they arise 
after long, patient manipulation of facts; sometimes suddenly, 
like a “ bolt from the blue.” 

Tyndall, discussing the place of imagination in science, says: 
“With accurate experiment and observation to work on, imagi- 
nation becomes the architect of physical theory. Newton’s 
passage from a falling apple to a falling moon was an act of the 
prepared imagination, without which the ‘laws of Kepler’ 
could never have been traced to their foundations.” ! 

Concerning the imagination, J. A. Thomson says: “ It may 


1 Tyndall, Fragments of Science, pp. 111-12. 
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be that the imaginative brooding suggests a solution in some way 
that we do not at present understand — life is essentially crea- 
tive; it may be that there is more or less unconscious cerebral 
experimenting ; it is certain that letting the mind play among 
facts has often led to magnificent conclusions. It seems that 
the solution is often reached first and the proof supplied after- 
wards.” ! We may be inclined to believe that the imagination 
is operative only in certain lines as in literature, and if in science 
at all, only in the most speculative; that it plays no part in 
mathematics, for example, or other sciences whose main fort 
is not imagination but cold reason. But such is not the case, 
as examples of the building of theories readily show. In any 
intellectual venture the way is lighted by the play of an imagi- 
native mind, schooled long in facts, tempered with reason, 
and made cautious by failures. In systematic research the 
mind is not a passive observer of the march of facts, but is a 
co-partner in the venture whose goal is knowledge. ‘“‘ Bounded 
and conditioned by co-operant reason, imagination becomes 
the mightiest instrument of the scientific observer.” 

The imagination in the passage from fact to hypothesis is 
guided by resemblances. So important are resemblance and 
difference that many writers have held that they are the fun- 
damentals in all reasoning.? The ability to recognize likenesses 
and differences is the sine qua non of reasoning. We are said 
to reason analogically when the relation of similarity between 
the two sets of circumstances in question is the immediate 
ground for the inference. The principle of reasoning from 
analogy is resemblance, the source of many of the great hy- 
potheses of science. The system of order generated by an exam- 
ple or case of symmetrical transitive relations affords the only 
ground of analogical inference. This system of order does not 
lie in the terms, 7.e., in the facts, events, or entities which are 


1 Quoted by Carmichael, Monist, Vol. XXXII, No. 4, p. 570. 
2 Mill, J. S., Logic, Bk. I, Ch. III, Sec. 11. 
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symbolized by terms, but is brought about by the injection of 
an ultimate organizing relational category. 

The two sets of circumstances concerning which we are reason- 
ing analogically may, however, be referred to a third set of 
circumstances as a ground, this to another, until finally we 
reach the ‘ ultimates’ in the field of formal reasoning. Such 
a procedure illustrates the introduction into the material to be 
organized of symmetrical transitive relations. When we analyze 
the formed material, i.e., the propositions which represent the 
product of the thinking process, we discover these relational 
forms as elements, along with the terms. Terms, relations, 
and propositions are thus seen to be the fundamental categories 
of thought and the instruments of thinking by which thought 
or knowledge is achieved. 

When the similarity between things, events, or entities is of 
a high degree, common language provides means of expression of 
such similarity in class names. There is a class name or term, 
man, which denotes particulars on the basis of similar charac- 
teristics. Thus we see that classification is based on similarity, 
and represents one extreme, the other of which is complete 
dissimilarity; between these extremes is analogy proper. 
Class terms denote objects so similar that they are easily rec- 
ognized as members of the class; analogy is the name given 
when the similarity is not so evident and obvious. Analogical 
reasoning does not terminate ina classname. When the events, 
entities, or things agree in certain assignable respects, we infer 
that they agree in other respects as yet unobserved — this is 
the essence of analogical reasoning, the means by which hypoth- 
eses are suggested to the imagination, or rather the means by 
which the imagination gives birth to the hypothesis. 

The value of analogy in the origin of the hypothesis is vividly 
portrayed in the history of man’s intellectual development. 
A few examples may illustrate this, and at the same time make 
evident the necessity of careful checks in the use of analogy. 
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The great myths of primitive man are generally analogical in 
character. Early man (and later as well) explained his world in 
terms of himself. He was “‘ egocentric.’”’ The world was made 
for him, and he interpreted it in terms of his own hopes, long- 
ings, aspirations, and potentialities. It was Kenophanes of 
the early Greeks who discovered that man created the gods in 
his own image. Man tends to project himself into nature — 
his own powers, his perfections, his infirmities, his needs, his 
plans. He made things (houses, arrows), hence all things were 
made, created by a Being powerful enough for the purpose; 
he moved things, hence whatever moves must have a mover; 
he spoke, hence “‘ the heavens declare the glory of God’”’; he 
sang, hence he speaks of the ‘ music of the spheres’; he could 
manipulate his fellows (get what he desired from them), hence, 
by proper methods, such as sacrifice, he can get from the Spirit 
of nature what he desires. The tendency of man to ‘ think 
himself into nature’ is sometimes called anthropomorphism, a 
tendency that is almost as powerful now as in the days before 
checks were devised against the free play of the imagination. 
It is noticed in the personification of nature — the sun is ‘ he’ 
— “he cometh forth as a bridegroom ”; the moon is ‘ she’ — 
“Soon as the evening shades prevail, 

The moon takes up her wondrous tale, 

And nightly to the list’ning earth 

Repeats the story of her birth.” 
The rhetorical simile represents the same tendency — the think- 
ing of things as like, as, and so, together. 

“When man discovered his own individuality, he sponta- 
neously ascribed the same type of individuality and purpose to 
animals and plants, to wind and thunder. This exhibits one 
of the most noxious tendencies of the mind, namely, personi- 
fication. It is one of the most virulent enemies of clear think- 
ing.” ! The physicist and chemist have ceased to talk in terms 

1 Robinson, J. H., The Mind in the Making, p. 88. 
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of ghosts, goblins, and genies; but the social scientist is still 
more or less animistic and anthropomorphic. 

Analogical reasoning finds abundant expression in the devel- 
opment of mathematics. The mysticism of the Pythagoreans 
is largely a matter of similarity (not in looks but in essence) 
between numbers and the things of the world. The relation- 
ship, even if conceived wrongly, led to many important dis- 
coveries, such as the science of music and arithmetic. A better 
example of analogy in the field of mathematics is furnished by 
the discovery of analytic geometry by Descartes. He made 
use of the similarity between number and space, and the result 
was analytic geometry. The science originates out of and owes 
its existence to a transformation of points in space into pairs 
of numbers and of pairs of numbers into points in space. 

Not only in the origination of a wholly new subject of mathe- 
matics has analogy figured, but the method employed in mathe- 
matics, especially as expressed in geometry, has been the method 
by which all subjects, in the opinion of many great thinkers, 
should be attacked. The method of at least some of the other 
sciences should be /ike that of geometry, it is thought. Mathe- 
matical logic is the greatest achievement in this field. A few 
axioms or principles are taken for granted, and the whole of the 
subject matter of mathematics is shown to follow from these 
principles, just as the whole of Euclidian geometry follows 
from the axioms at the beginning of the text. 

When we come to physics, we find numerous examples of the 
use of analogy in suggesting possible solutions of problems. The 
classical example, of course, is the story told of Newton and the 
falling apple. The falling apple suggested to him the idea of the 
falling of the moon towards the earth. Faraday’s discovery 
of the magnetic rotary polarization of light was employed by 
Waitman in the region of heat with the result that heat was 
discovered to behave in the same fashion. The greatest achieve- 
ment of analogical reasoning in the region of physics is the 
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line of resemblances which ultimately led to the electron 
hypothesis. 

A simple case of analogical reasoning in chemistry connects 
with the behavior of certain elements. It has been found that 
potassium, cesium, sodium, lithium, and rubidium are similar 
in many respects, for example, in the tendency of each to com- 
bine with oxygen in the decomposition of water, the fact that 
their carbonates are soluble in water, and that each forms one 
chloride only. Being alike in many respects, when anything 
new is discovered about one of the group, the natural inference 
is that the same thing is true about any other or all other 
members. . 

There are certain questions one should ask in every analogical 
situation. These questions serve the purpose of rendering us 
careful in analogical inference, which, as has been said, is very 
dangerous. We should constantly keep in mind that analogy 
is valuable as suggesting hypotheses. 

The first of these questions is: Are the resemblances between 
the two cases fundamental? Do they strike at the root of the 
phenomena in question? The number of points of resemblance 
may be of little value; what is of value is the kind of points in 
which the phenomena agree. This should be called to attention 
— that things do not come labeled “ important,” ‘ use me,” 
etc., but importance and significance are matters of experience 
and purpose. What is sometimes spoken of as “ sagacity ” 
may be valuable in giving information as to what is valuable 
and what is not, for our purposes. 

The second question: Does the suggested hypothesis contra- 
dict some known and well-established facts concerning the 
nature of the thing in question? It is well to view such sug- 
gestions with the greatest caution. In some cases it is perfectly 
obvious that the suggested hypothesis contradicts something 
well established, but the difficulty comes in ‘ border-line’ 
cases. A great part of scientific, religious, political, and eco- 
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nomic advance has occurred in the presence of a contradiction 
to some “ well-known and well-established” fact. For ex- 
ample, the earth cannot be round, for, if so, the people on the 
other side would fall off. ‘In Adam’s fall we sinnéd all,” so 
says the dogma. This course cannot be condemned because 
“the king can do no wrong.”’ This business policy is right be- 
cause “ competition is the life of trade.”” The history of man’s 
intellectual development is largely a history of the substitution 
for “ well-established ” facts of new ones. 

The third question: Is the analogy fantastical? ‘‘ Noses 
are made in order to bear spectacles,” said Voltaire, the satirist. 
“The melon has been divided into sections for family eating.” 
The tendency is to interpret phenomena in terms of purposes, 
ends, or goals, 7.e., teleologically. Everything, so we reason, 
must be for something. 

The last question: Is the analogy, the suggested hypothesis, 
borne out by further investigation? Hypotheses suggested 
by analogy or resemblance are suggestive and tentative only. 
The discovery of the circulation of the blood by Harvey (1628) 
was based on analogical material. ‘‘ Harvey, however, was not 
content with the suggestion merely. He was led to experiment 
upon veins and arteries; he tied an artery and a vein and care- 
fully observed the mechanical effects upon the two sides of 
the tied parts. Experiments of this nature, with close obser- 
vation and study, were kept up diligently and with rare per- 
severance, for nineteen years, before he had traced the entire 
course of the blood through all parts of the human body, and, 
in a manner satisfactory to himself, verified the first statement 
of this theory.” ! 

The Need of Hypotheses. Formerly, the hypothesis was in 
bad repute among logicians and scientists. They considered it 
a variety of uncontrolled speculation which had little if any 
contact with facts. Reacting against this idea logicians and 

1 Hibben, J. G., idid., p. 320. 
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scientists did what is generally done in such cases, namely, they 
went too far. The slogan became, ‘‘ Let the facts speak for 
themselves.”” The ideal was such an arrangement and com- 
pilation of facts that the observer could easily see the Jaw pro- 
jecting, as it were, from them. They believed that nature 
spoke a clear language to him who opened a passive ear. 
This attitude is known as the Baconian Induction, after 
Bacon. 

The defect obviously is that facts do not speak for them- 
selves. The heavens declare the glory of God to one whose 
mind is kindled with religious zeal; they speak the language 
of infinite vastness governed by law to the mind fertile in scien- 
tific hypotheses; they tell a story of gods and heroes, of loves 
and antipathies, of births and deaths, to the mind of the roman- 
tic poet; they become father, mother, and children, and ani- 
mals all living a life like our own, to the mind of the myth 
maker. So we see the facts speak the language that our inter- 
ests, quickened by a fertile imagination and enriched by intimate 
contact, bring to them. 

Newton’s famous saying, “I form no hypotheses,” was di- 
rected to the type of uncontrolled speculations which had flour- 
ished before him; but his methods are not in accord with his 
professions — he used hypotheses, but in the sense that modern 
science conceives them. Scientists of the latter part of the 
nineteenth century vindicated the hypothetical method as 
the true method of physical research. 

It is instructive to examine concrete cases of scientific reason- 
ing for the purpose of seeing the réle of facts and hypotheses, 
and to observe the means employed for the verification of the 
latter. We give a few taken from various fields. 

Some of the most striking examples are found in astronomy. 
Newton’s work in this field offers the best example of the hypo- 
thetical method in the early part of the modern period. As every 
student knows, he is the ‘ discoverer’ of gravitation, and the 
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author of the celebrated ‘laws of motion.’ Let us attempt 
to get at the procedure of Newton. The story is told that the 
immediate stimulus to the researches which issued in the cele- 
brated theory of gravitation, was the fall of an apple from a 
tree in his garden in Lincolnshire. Whether this is so matters 
not — at any rate apples do fall. The question which a curi- 
ous individual might ask is “‘Why do bodies fall?” It is 
not a valid answer to say that apples, for example, are heavier 
than air, and heavy things fall by nature, although men have 
thought this a sufficient explanation; neither is it convincing 
to assert that a force called gravity produces the effect, unless 
we can state some of the characteristics of this force. The 
immediate fact of perception is that things fall to the earth 
and that the heavenly bodies are in motion — anyone who 
looks may see these facts. 

But these are not all the facts. Copernicus (1473-1543) 
had advanced the idea that the earth moves around the sun, 
and Kepler (1571-1630) had shown that motion of the heavenly 
bodies takes place in the form of an ellipse and not in the 
form of circles as the ancients had believed, on the premise 
of the perfection of circular motion. Galileo (1564-1642) 
had used the telescope made by himself, and had discovered 
the moons of Jupiter. The discovery of these satellites broke 
down an old notion that the earth was the only center of 
motion. 

This brief catalogue will suffice at present as a statement of 
the facts, stated in propositional form and unquestioned as to 
validity, forming in part the thought structure which Newton 
had at his disposal. Now for another step. Suppose an apple 
were carried far from the earth, say, near the moon; would 
it still fall to the earth? Probably the moon itself is trying to 
fall. It may be, thought Newton, that all bodies and not the 
earth alone, have this force called gravity. Let’s assume this 
is so and see what results. Here, then, is the hypothesis — let 


THE HYPOTHESIS 249 


us assume that the force which pulls the apple to the ground is 
operating on the heavenly bodies. Let’s not confine it to the 
earth alone, for Galileo has shown that the earth is not the only 
center of motion, as Jupiter and his moons bear witness. The 
force that keeps the moon moving about the earth is the gravi- 
tational pull of the earth — the same force that pulls the apple 
downwards. But what is the Jaw regulating this motion? 
Taking Kepler’s work (the third law, another fact for Newton), 
he deduced that attraction varies inversely as the square of the 
distance. With this deduction he calculated what the attrac- 
tive force of the earth must be in order that the moon may be- 
have as she does, i.e., keep her path as she does. Then he 
found the force necessary to pull the apple to the ground — and 
the two forces are almost identical. 

Next Copernicus and Galileo enter as providers of facts, as 
contributors to the thought world which Newton drew from. 
If the earth pulls the moon, is it not probable that the sun pulls 
the earth? Kepler had shown that the planet Mars describes 
an ellipse, and Copernicus and Galileo had made it clear that 
the earth moves around the sun, as the moon does around the 
earth. Newton showed that if the intensity of the force be- 
tween the sun and the earth varied inversely as the square of 
the distance between them, then the path described by the 
earth (or any planet moving about the sun, or any satellite 
moving about a planet) around the sun would be an ellipse. 
Thus Newton’s doctrine of inverse squares which had been suc- 
cessful as far as the earth and moon were concerned, played into 
the hands of Kepler’s first law —‘“‘ The planet (Mars) de- 
scribes an ellipse, the sun being one focus ’”’ — and showed fur- 
ther that the earth also describes an ellipse. 

Such successes or tests gave Newton’s hypothesis great stand- 
ing; and when it was weighed further in the balance as an 
instrument of interpretation, 7.e., as a major premise, in the lan- 
guage of thought, it was not found wanting. An explanation of 
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tides, of the precession of the equinoxes, ‘‘ a phenomenon which 
had been discovered 1800 years before, but had remained a 
complete mystery ever since,’ an explanation of the motion of 
comets, a method of estimating for the first time the masses 
of some of the heavenly bodies — these and many other results 
followed from the assumption that the same force which causes 
the apple to fall is operative throughout the solar system — 
an assumption born of a mind resourceful in imagination, trained 
in facts, and master of the technique of verification. 

One of the most interesting bits of reasoning which illus- 
trates the place of the hypothesis is that connected with the 
ether. The hypothesis is, indeed, that there is such a thing as 
the ether. Its being is essential to a certain picture of the 
universe which has seemed quite adequate. If it does not exist, 
that picture of the universe would not be an adequate picture. 
To show what this means we shall take an example. Suppose 
an army to be in trenches, and whenever any man raises his 
head above the trench he is fired upon; also whenever a hat 
is held up on the end of a gun or bayonet it is pierced by a 
bullet. The soldiers in the trenches, however, are not able to 
hear any reports from guns, and cannot see any opposing 
enemy; that is, there is nothing open to direct observation, 
further than the facts mentioned above, that would lead one 
to suspect that an enemy existed. What state of affairs would 
a mind with even a grain of imagination project in order to 
give meaning to the events that were taking place? A state of 
affairs called ‘ an opposing enemy ’ would doubtless be imagined 
to complete the mosaic that was actually known but partially. 
‘Opposing enemy’ is the only state of affairs that will give 
meaning to the events that are taking place. This means that 
in view of the way soldiers are accustomed to interpreting facts, 
this is the only explanation they could give. 

We now return to the ether hypothesis. A theory of light 
propagation developed by Huyghens, an illustrious Dutch con- 
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temporary of Newton, known to us as the wave theory, be- 
came firmly established over its rival, the corpuscular theory 
of Newton, through the famous Foucault experiment (1853). 
The wave theory, however, demanded that there be some 
medium for the waves to move in or on. Sea waves move in or 
on water: what do light waves move in or on? 

Then again, bodies attract each other: the magnet, iron 
filings, etc. There must be contact at some point. This can- 
not be the air, for the magnet attracts filings when the air is 
absent. Ifa body moves, it is obvious that it must be connected 
with some force. Action at a distance can only take place if 
there is some medium for the transmission of force. This 
medium is the ether. 

There are other waves than those of light, as X-rays and 
wireless waves. But Maxwell discovered that light waves are 
electromagnetic phenomena. All these waves, then, must 
have something to move in — light as well as all the others. 
This something is the ether. 

We may now see why the ether hypothesis was advanced. 
The facts, as understood, demanded something not open to 
direct perceptual observation to give them meaning. The 
zther, like the opposing army, is a creature of the imagination, 
made necessary for finishing a picture of the world that is valu- 
able in many respects. Since the ether must be (like the op- 
posing enemy), why not go out and look for it. Scientists have 
looked but have not found it. 

What does this suggest to a curious individual — the fact 
that it is impossible by most careful experiment and investiga- 
tion to find something that just must be? This — that possibly 
the facts are not what they are taken to be; that is our must 
be is a result of a peculiar idea of what zs. It is possible that 
we are enslaved by the Idols of the Theater. 

It is the belief that we are so enslaved that has led to the next 
great step in physics and astronomy beyond Newton — to the 
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theory best known today as Relativity, connected intimately 
with the name of Albert Einstein.' 

Another concrete case in a different line of interest may prove 
valuable in disclosing the interplay of fact and hypothesis in 
scientific development. Let us take the Helmholtz theory of 
hearing. By direct observation we are acquainted with such 
facts as the following: noises, tones, crashes; we directly ob- 
serve that some tones are louder than others, some higher than 
others, and that a tone of the same loudness and the same pitch 
on one instrument is different from another on a different in- 
strument, such as middle C on a piano and middle C on a violin. 
We also know by observation and experiment many facts about 
the mechanism of the ear: we have examined them, know 
something of the anatomy and physiology of the ear, of the 
mechanics of cochlear vibration, of the elements of neurology. 
Our question is, “Given these facts, what do they suggest?” 
The whole story is not as yet written. We hear and none of 
the above facts is hearing. There must be some mechanism 
which, when postulated, will give connection, meaning, to the 
observed facts. 

Let us assume with Helmholtz that the basilar membrane, 
on which is a series of strings like those of the piano, operates 
like the string board of a piano. Each string is tuned to some 
audible tone or tones. When the liquid in the inner ear vi- 
brates at a given rate, this causes a sympathetic vibration of 
the string attuned to it on the basilar membrane. The vibrat- 
ing string excites the nerve connected with it, and the impulse 
is carried to the cortex in the region of the temporal lobes which, 
when stimulated, give rise to sound sensations. 


1 It is for reasons such as the above that facts are not given and can never ‘speak 
for themselves.’ They are constantly changing in the light of novel hypotheses, 
and are thus found, discovered. What is ‘given’ is a total complex which needs 
analysis. What is taken for granted is the thought world which has proved valuable 
in the interpretation of novel or exceptional facts. Our thought world may enmesh 


us in the idols of the theater, but it is generally only ex post facto that we know pre- 
cisely what the idol is. 
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Does this theory account for all the facts? This is a question 
for the physiologist and psychologist rather than for the logi- 
cian who is interested more in the method of procedure. The 
point from the logical side is that Helmholtz thought he had 
accounted for the direct facts we mentioned above, and any 
others that could arise relative to hearing, such as summation 
and difference tones, complex tones, and tone islands, by show- 
ing how they fit into his theory. Each detail has a reasonable 
place in the picture, and is shown to be an integral part of the 
picture. His theory is generally accepted as a result of its fer- 
tility in yielding a congruous story of all the particulars. 

The Verification of the Hypothesis. In the concrete cases 
which we have cited, hints at the methods of verification of 
the hypothesis have been given. Verification involves ex- 
perimentation, the methods of which will be discussed in sub- 
sequent chapters. At this point we may say that the hypothe- 
sis is verified when the facts of observation and those dis- 
closed in the more elaborate process of experimentation all 
find a place in the completed picture. The facts must have a 
rational setting within the confines of the hypothesis. If the 
hypothesis is directed to the establishing of a fact, as the exist- 
ence of the enemy army in the example given earlier, it is said 
to be verified when that fact is rendered capable of direct ob- 
servation. If certain facts indicate that John Jones was mur- 
dered, that hypothesis is verified when Sam Smith confesses 
to the crime or is found guilty of committing it. 

Such an hypothesis as that of Newton’s is never completely 
verified, but becomes more general as its usefulness as an in- 
strument of interpretation grows. The value of an hypothesis 
such as that of Newton’s, after all, is measured in terms of its 
fertility as an instrument for the prediction of occurrences, and 
when it continues to serve successfully, its truth becomes more 
and more firmly established. The reason such an hypothesis 
is not completely verified is that all the facts have not been 
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observed, all the facts are not in, z.e., some events have not even 
happened; and one little, simple disturbing fact is often very 
uncomfortable, as the fact of the distortion of the orbit of Mer- 
cury to the Newtonian theory, or the incommensurability of 
the diagonal and the side of a square to the Pythagoreans, who 
taught that everything had a number, and who defined number 
in a peculiar way. 

It is sometimes said that an hypothesis is proved when it is 
shown that it not only accounts for all the facts, but that no 
other possible hypothesis does do so. This may be a very good 
formal statement from the standpoint of the logic of hypo- 
thetical and disjunctive propositions, but from the standpoint 
of systematic inference it amounts to little. All that can be 
demanded in the way of verification and proof is that when the 
hypothesis is employed in the interpretation of facts, that no 
fact is left unaccounted for. Interpreted in the language of 
thought or product, when all the individuals can be shown to be 
cases of the major or the universal, and when consequences 
follow from the fact that the individuals are cases, and these 
consequences are themselves capable of being observed in fact, 
we have verified our hypothesis. 

The problem of verification becomes acute in the presence 
of rival hypotheses. In such a case we are presented with two 
or more hypotheses to account for the same set of facts, 7.e., 
for the same set of conditions assumed to be facts by all dis- 
putants. Examples of rival hypotheses taken from various 
fields are: special creation vs. transformism, to account for the 
different forms of animal and plant life; spontaneous genera- 
tion or heterogenesis vs. biogenesis, to account for the presence 
of minute forms of animal life in stagnant water, decaying meats, 
etc., an account of which may be found in problem 14 of Ch. XX; 
the geocentric vs. the heleocentric hypothesis, to account for the 
behavior of the heavenly bodies; the wave theory of light of 
Huyghens vs. the corpuscular theory of Newton, to account for 
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the facts of the propagation of light; and the authoritative 
vs. the critical hypothesis, to account for the facts of the first 
five books of the Old Testament, discussed in problem 9g of 
Chex; 

The question that naturally forces itself upon the attention 
of the careful thinker is: How shall we decide between rival 
hypotheses? There are two principles (which may finally be 
brought to one, known as the law of parsimony) used to aid in 
making the choice. These principles are known as that of 
super position and that of simplicity. If one of the rival hypoth- 
eses accounts for all the facts that the other accounts for and 
more in addition, that one undoubtedly has the advantage. 
If hypothesis a accounts for ten facts, and hypothesis 6 accounts 
for the same ten and two more, hypothesis b should be chosen. 

The simpler of two rival hypotheses should also be chosen. 
Simplicity need not be thought of as “ easy to understand,” 
but rather as accounting for the facts as they are discovered 
without the introduction of special hypotheses to account for 
particular facts as they develop. Such a special hypothesis 
is called an hypothesis ad hoc, 1.e., one to account for this par- 
ticular case, a case that does not seem to be accounted for in 
terms of the general hypothesis already accepted. 

When we have an hypothesis or theory which should account 
for all the facts, but which requires constant readjustment, 
constant ‘amendments,’ to make it ‘ work,’ we may properly 
become skeptical as to the genuineness of the hypothesis. Such 
amending should be a reminder that it might be possible to 
discover another hypothesis which would not require this. We 
may call these amendments ad hoc hypotheses — hypotheses 
to account for special cases that have arisen. Of two hypothe- 
ses, the simpler is that which does not so often need to be 
‘amended,’ or added to as special cases arise. The simpler 
one accounts for the facts with the smallest number of signifi- 
cant amendments. 
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For example, the Copernican hypothesis, which makes the 
sun the center of the solar system, is simpler than its rival, the 
Ptolemaic, which conceives the earth as the center of our solar 
system. For by considering the sun as the center and the heav- 
enly bodies as moving about it in orbits which take the form of 
the ellipse, certain ‘anomalies’ become no anomalies at all. 
Such anomalies are exemplified in the so-called retrograde motion 
of the heavenly bodies. A body looked at from the earth 
seems to move forward for a time and then seems to turn back- 
ward on its course, and finally to move forward again. Such 
a fact gave origin to the hypothesis of the epicycle. A planet, 
for example, moved in circular form about the earth, but in 
accomplishing this movement it moved in /itile cycles or circles 
as per diagram. 


FIGURE XV 


W represents the earth; the arrows the direction of motion; the large circle 
represents the general course of motion, to accomplish which the smaller circles 
are described; the points marked X indicate places in which backward motion 
will seem to take place. 


The general course of motion is circular, but to accomplish this. 
little circles must be described. Since the earth was assumed 
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to be the center of the system, and at the same time at rest, 
the supposed retrograde or backward motion of a body moving 
around the earth was accounted for on the assumption that in 
completing the epicycle the planet or body actually did move 
backward as is shown in the diagram. 

Now the Copernican hypothesis which places the sun at the 
center and which attributes to the earth motion around the sun 
and axis motion, does away with the hypothesis of epicycles, 
because the seemingly backward or retrograde motion is ac- 
counted for on the assumption that the earth is moving faster 
than some other body, which fact makes that body appear to 
be moving backwards. On the Ptolemaic hypothesis every 
body had its peculiar epicycle. On the Copernican, one general 
assumption — the sun as the center and the earth in motion — 
made unnecessary the great number of epicycles. Every new 
body discovered in the heavens would, on the Ptolemaic hypoth- 
esis, call for a new epicycle, z.e., an explanation ad hoc, but on 
the Copernican assumption all motions of the heavenly bodies 
followed simply, 7.e., without the introduction of ‘ amendments.’ 
Thus we say the Copernican hypothesis is simpler than its 
rival. 

As we remarked before, the principle of superposition and 
that of simplicity may be combined into one principle which is 
called the law of parsimony. This principle represents a crystal- 
lization of the belief that nature does things in the simplest 
way, that nature is not prodigal, but stingy and sparing in her 
courses of action. The mind seems to crave the explanation on 
the smallest number of assumptions or principles. The first 
question that the ancient Greek philosophers raised was, ‘‘ What 
is the ultimate stuff out of which all things come and to which 
they return?” They wanted one stuff, one principle, one entity, 
from which all things originate and to which all things return. 
A particular scientist, one engaged, not in an attempt to account 
for everything, but in accounting for the facts of a special field 
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such as biology or chemistry, wishes to reduce his assump- 
tions to the lowest number possible. Take the mathema- 
tician—his absorbing question is: What are the axioms (the 
lowest possible number) which will account for the facts of 
mathematics? 

An English philosopher, William of Occam (fl. cir. 1300), 
gave expression to the principle or law of parsimony in his 
famous saying: assumptions (principles, hypotheses, etc.) should 
not be multiplied beyond necessity. This expression is known 
as Occam’s ‘‘ razor ’’ — hypotheses should be “‘ shaved down” 
to the lowest number possible. We may illustrate the use of 
Occam’s razor in the controversy as to the origin of species. 
Biologists almost universally agree that development, transfor- 
mation, has occurred, and that all species may be accounted 
for through transformation. In some quarters it is urged that 
the principles of transformation are valid, and the development 
hypothesis legitimate all the way through the animal kingdom 
up to man; but that when man is reached, some special hypothe- 
sis is then necessary — the hypothesis, say, of divine interven- 
tion. Now a biologist would not be true to his hypothesis of 
transformation if he admitted that it breaks down at a critical 
and crucial moment. He is justified in holding that his hypoth- 
esis is valid all the way through. To admit another, as divine 
intervention, would be to “‘ multiply entities beyond necessity.” 

Some Requirements of a Valid Hypothesis. It is customary 
to point out some of the funded experience of those who have 
worked through the matter, but there is no button to press 
which tells the right hypothesis. The rules which are given 
here are similar to those pointed out in connection with ana- 
logical inferences. 

(a) The hypothesis shall be conceivable (reasonable). 

(b) It shall be capable of verification. 

(c) It shall not contradict something already known.! 


1 These rules were proposed by Hobbes and Boyle. 
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The first rule is merely a caution to use as much intelligence 
as we have, but does not state anything definite. Suppose a 
man is missing from his home and we are playing Sherlock 
Holmes. In that capacity we venture the hypothesis that he 
was carried away by the angels. Then, again, suppose there is 
an attempt to account for the free silver movement in the nine- 
ties, and we should venture the ‘hypothesis that it was due to 
chinch bugs.!_ Both hypotheses seem absurd: the first is, the 
second is not. 

Many hypotheses when first proposed seem utterly absurd. 
Pope’s lines on Vice apply admirably to many new hypotheses: 

‘Vice is a monster of so frightful mien, 
As to be hated, needs but to be seen; 
Yet, seen too oft, familiar with his face, 
We first endure, then pity, then embrace.” 

Men have hated, endured, pitied, and embraced the idea of 
the rotundity of the earth, and that the sun is the center of the 
solar system; they have done likewise with the doctrine of 
evolution, and, indeed, with almost all the recognized funda- 
mental hypotheses of modern science. Almost all have had to 
contend against charges of ‘absurdity’ and ‘contrary to known 
laws,’ and the like. 

The second rule, that the hypothesis be capable of verifica- 
tion, or as Jevons,? following J. S. Mill, expresses it, “ that we 
be able to apply deductive reasoning and learn what should 
happen according to such an hypothesis,” is a valuable one. 
We should be able to experiment on our hypothesis, and com- 
pare the answers it returns with our observations. If the law 
of inverse squares is true, it should follow that something else 
is true because of the truth of the former. The hypothesis 
then becomes a means of interpretation, and no hypothesis 
should be recognized that cannot be so used. The hypothesis, 


1 Robb, T. B., The Guaranty of Bank Deposits, p. 165. 
2 Principles of Science, p. 511. 
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in the form of a proposition consisting of terms and relations, 
thus is the instrument of research; and much of experiment 
is devoted to working out the factual implication of hypotheses. 

It is impossible to test many of our hypotheses by direct 
experimentation, since the conditions cannot be controlled. 
In such cases we must wait the bidings of nature. It is difficult 
if not impossible to test such an hypothesis as the Nebular, or 
the older notion of sudden catastrophes that men employed in 
geology prior to Lyell, and any of the postulates that are used 
as the foundations of a science. The reason the latter do not 
yield to experimental verification is that they would become 
both the means by which and the material upon which the ex- 
periment is performed. Such principles are verified by reason 
of their fertility in giving a rational account of all the facts that 
make up the body of the science in question. 

A vague hypothesis which is not capable of verification “ often 
enables a false theory to live.” The celebrated hypothesis to 
account for the fact that water rises in a vacuum, is a case of 
this kind. It consists in reading into nature some of the feel- 
ings of man, and when we ask for facts which such an hypothesis 
helps to explain, we are unable to discover any. When it was 
discovered that the antipathy of nature in respect to a vacuum 
was limited to 33 feet, and that beyond that limit the feelings 
of abhorrence were greatly lessened to the point of disappear- 
ance, the only recourse apparent was to interpret the hypothe- 
sis in a limited sense — not in general as before, that nature 
abhors a vacuum, but that nature abhors a vacuum to the extent 
of 33 feet. In such unverifiable hypotheses there is a constant 
hedging, an incessant reinterpretation in the light of additional 
facts; when, if some suggestion capable of verification were 
projected, new facts would either demand a new hypothesis or 
confirm the old one. 

The third rule proposed by Boyle, the physicist, suggests the 
desirability of taking into account the achievements of the past. 
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Some things have been settled rather definitely, and any novel 
suggestion that contradicts one of these relatively settled prin- 
ciples should be examined with great caution. If a physicist 
explains something in terms which do violence to the principle 
of the conservation of energy, or to the established concep- 
tions of mass, space, and time, we have just grounds for pro- 
ceeding cautiously with that explanation; if a mathematician 
begins to talk about numbers of a kind that are not changed 
when one is added to them, or such that a part of them is equiv- 
alent to the whole, we get suspicious — we begin to think that 
either we do not mean the same thing by number, or that the 
author is not serious. But the fact is that both the above ex- 
amples are genuine physics and mathematics, respectively — 
and our rule seems useless. 

The ether hypothesis, discussed a few pages back, has some 
interesting features in the light of the present rule. We found 
that it was posited because there must be something to give 
meaning to facts certainly established, such as the wave theory 
of light. If there is ether, it must be, according to physicists, 
“not only highly elastic, but absolutely solid.” ‘“ Herschel 
calculated the force which may be supposed, according to the 
undulatory theory of light, to be constantly exerted at each 
point in space, and finds it to be 1,148,000,000,000 times the 
elastic force of ordinary air at the earth’s surface, so that the 
pressure of ether per square inch must be about seventeen 
billions of pounds.” ! It strikes us as quite strange that these 
things must be so — that we live in this strange medium “ im- 
mensely harder and more elastic than adamant.” Jevons com- 
ments that “all our ordinary notions must be laid aside in 
contemplating such an hypothesis; yet it is no more than the 
observed phenomena of light and heat force us to accept.” 

The student will observe that we can be led to the accept- 
ance of strange beliefs — that the rules of the hypothesis are 


1Jevons, Principles of Science, p. 515. 
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valuable only in indicating and recommending a cautious 
attitude. 

It may be worth while to suggest again that the reason we 
were forced to believe in the existence of this queer body, the 
ether, was because we were the victims of an idol of the theater 
— we had conceived the facts in a certain way, not realizing 
that there may have been another manner of looking at them 
which would render the ether hypothesis unnecessary. The 
Michaelson-Morley experiment which failed to detect this 
strange filler of interstellar space; the new conceptions of 
matter developed by such vigorous thinkers as Rutherford, 
Crooks, Réentgen, Becquerel, J. J. Thomson, and Madame 
Curie; the researches of Minkowski, which paved the way for 
the belief that space and time are one — these, and other de- 
velopments, have led to the new physics in which the ether 
hypothesis finds no place. 

However, these requisites of a good hypothesis, suggested by 
likeness between things, should not be thrown aside — they 
should be taken as suggestions to be careful, and not as infallible 
rules to be followed. If they were rigidly adhered to as rules 
to be followed, the results to science would be the same as if 
every one lived and acted according to the dictum of Pope: 

‘Be not the first by whom the new are tried, 
Nor yet the last to lay the old aside” — 
namely, caked over by prejudices, steeped in superstitions, and 
formalized by dead routine. 


PROBLEMS 


1. Where do hypotheses come from? 

2. Give a statement in terms of formal logic of the nature of the hy- 
pothesis. One in terms of the thinking aspect of logic. 

3- What are the purposes of the hypothesis? 

4. Discuss Tyndall’s statement, giving examples of it from a science 
you are interested in: ‘Imagination becomes the architect of physical 
theory.” 
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5. What are some of the difficulties with the former notions of scientists 
and logicians in “letting the facts speak for themselves ”’ ? 

6. What is the principle of analogical reasoning? Some values of anal- 
ogy? Aiso some difficulties or dangers? 

7. Discuss and give examples of Robinson’s statement: ‘‘Personifi- 
cation is one of the most virulent enemies of clear thinking.” 

8. Give examples of the use of analogy in (a) Mathematics, (b) Physics, 
(c) Chemistry, (d) Biology, (e) Economics, (f) Government, (g) Medicine. 

9g. What cautions should be observed in analogical reasoning? Give 
examples of faulty analogical reasoning from the standpoint of the cautions 
named. 

to. Analyze the procedure of Newton in the formation of the gravitation 
concept, 7.e., point out the facts he had before him, the suggestions that 
these facts elicited, and his way of testing them. 

11. Name three or four hypotheses that have been abandoned. Why 
were they given up? (See, e.g., Berry, A., A Short History of Astronomy, 
Charles Scribner’s Sons, 1910; Locy, W. A., Biology and Its Makers, Third 
Edition, Henry Holt and Company, 1915; Cajori, F., History of Physics, 
The Macmillan Company, 1899; Garrison, F. H., An Introduction to the 
History of Medicine, W. B. Saunders Company (3d ed.), 1921.) 

12. What are the requirements of a valid hypothesis? How would they 
be met (if at all) in the following: 

(a) All animal species were created ‘in the beginning’ ; 

(b) The other side of the moon is studded with diamonds ; 

(c) Earthworms are the cause of the gradual covering of present soil ; 

(d) Epilepsy is a divine disease ; 

(e) A league of nations would prevent war ; 

(f) Moses did not write the Pentateuch ; 

(g) A government of the people, by the people, and for the people shall 
not perish ; 

(h) Christ and Mohammed (and many other great religious teachers) 
were born of a virgin? 

13. When isan hypothesis said to be verified? Let us state the hypoth- 
esis of biological evolution as follows: that present forms of organic life 
have developed from lower forms. Would you consider this hypothesis 
verified in the light of the following, and give reasons for your answer : 

(a) It is open to observation that the human embryo in its nine months 
of pre-natal life passes through the various stages of complexity in animal 
life, i.e., at one period in its development it has the characteristics of the 
fish, at another, those of the reptile, etc. 
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(b) It is also known by careful research that the present horse developed 
from a five-toed animal about the size of a fox. 

(c) Observation reveals the fact that the general bodily structure of 
higher animals is peculiarly alike — for example, arm bones (wings, whale 
flippers, etc.) are built on the same general plan. Again higher animals 
seem to have ‘organ for organ.’ 

(d) We see about us on every hand the results of ‘ artificial’ selection — 
the present Norman draft horse and various fruits and berries are examples. 

(e) Examination of fossil deposits, beginning, say, with the lower silurian 
and coming upwards, shows a gradual (though sometimes broken) increase 
in complexity of organic life. 

(f) Animal life in remote parts of the earth, while differing widely from 
that at any given point, becomes more and more similar as intervening life 
is observed. 

(g) Experimentation has shown that when the blood of man is mixed with 
that of the higher apes, the corpuscles are not dissolved, as is the case when 
man’s blood is mixed with the serum of a dog. The serum of the dog, how- 
ever, does not dissolve the corpuscles of the blood of a wolf. 

14. Another theory of the origin of species is that of Special Creation. 
The theory is that species were created in the beginning by the Creator. 
Examine the following and answer whether or not the hypothesis seems 
verified : 

(a) Fossil remains are models used by the Almighty in His work; or 
they represent the life that existed when a catastrophe came and banished 
all life; or they are miracles of the Almighty. 

(b) Great catastrophes unlike anything known today came upon the 
earth at various times, and produced changes and breaks that we now 
observe. 

(c) The fitness of everything shows that an intelligent Creator must have 
designed things — eyes were made to see, ears to hear, hands to protect, etc. 
These things cannot be mere accidents but imply a Creator who made all 
things for a certain purpose. 

15. Examine the following analogical reasoning. Test it by the require- 
ments for this kind of reasoning: 

“When we compare the discussions in the United States Senate in regard 
to the League of Nations with the Considerations of a broken-down car in 
a roadside garage, the contrast is shocking. The rural mechanic thinks 
scientifically ; his only aim is to avail himself of his knowledge of the nature 
and workings of the car, with the view to making it run once more. The 
Senator, on the other hand, appears too often to have little idea of the nature 
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and workings of nations, and he relies on rhetoric and appeals to vague fears 
and hopes or mere partisan animosity. The Senator will unblushingly 
appeal to policies of a century back, suitable, mayhap, in their day, but 
now become a warning rather than a guide. The garage man, on the con- 
trary, takes his mechanism as he finds it, and does not allow any mystic 
respect for the earlier forms of gas engines to interfere with the needed ad- 
justments.” (Robinson, W. H., The Mind in the Making, pp. 8-9.) 

16. Compare the relative strength and the relative usefulness of the 
following analogies, remembering that a weak analogy is sometimes justi- 
fiable for other considerations : 

(a) Comparison of a college with a human mother (alma mater) ; 

(0) Comparison of a country with a ship (‘‘Sail on, O Ship of State’’); 

(c) Comparison of a nation witha person (America, Columbia, Britannia) ; 

(d) Comparison of a child, in education, with a growing plant (which 
needs light, sunshine; freedom from undue restraint, but guidance, etc.) ; 

(e) Comparisons between Bolshevist Russia today and France at the 
time of the Revolution, as grounds for believing another Napoleon will 
eventually overthrow the Bolshevist government. 

17. Consider the hypothesis advanced to explain why America has 
never received the Nobel prize in Literature. Does it appear probable 
that it is the correct explanation? 

“The award to France for the fourth time of the Nobel prize in literature 
is likely to raise once more the question why this high honor has never fallen 
to an American author. In all the other fields this country has had its share 
of the awards. The peace prize was given to Theodore Roosevelt in 1906, 
to Elihu Root in 1912, to Woodrow Wilson in 1920. The prize in physics for 
1907 fell to Dr. Albert A. Michelson, the prize for medical research in 1912 
to Dr. Alexis Carrel, the honors in chemistry in 1914 to Prof. T. W. Richards. 
American science has no difficulty in winning recognition abroad — why is 
it otherwise with American literature? 

“Many reasons might be suggested but perhaps the fundamental one is 
that America takes science more seriously than literature. This may not 
be true of the general public, but the general public has little influence upon 
scientific research, while it can and does exert a material influence upon the 
character of literary production. It does not appear to be true that the 
educated classes fail to treat contemporary literature with the respect 
accorded to science. There may be much talent for literature, music, and 
art as there is for science, but there is no way to determine the point, because 
the individual author, musician, or artist is dependent upon the public as the 
scientific investigator is not. 
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“Thus mediocrity may prevail in intellectual work addressed to the 
public, while much higher standards are being reached in work done for the 
sheer interest of it with utter disregard of what may be thought of it by any 
but qualified experts. This haughty attitude authors can seldom adopt 
even if they possess an independent income, for literature, as a rule, cannot 
be written in a vacuum; it implies a relation between author and readers. 
Now and then a writer of unusual individuality or aloofness courageously 
goes on working for his own pleasure, but usually not much comes of it. The 
work of a scientist may be done in solitude and brought to light long after- 
ward, as happened with the patient studies of Mendel in regard to the hered- 
ity of plants. But as has been epigrammatically observed, letters addressed 
to posterity are not likely to reach their destination. 

“One might be rash to say that every public gets the literature it deserves, 
but it is pretty sure to buy and read the literature it wants, and if its favorite 
books do not make a good showing in an international competition, it cannot 
be wholly acquitted of responsibility. America is big enough and rich enough 
and educated enough to support literature on a very high plane. Its col- 
lege graduates might make up a whole population for some of the little 
countries of Europe which get Nobel prizes. It must have plenty of latent 
talent, for it has the world to draw upon. There was surprise when the 
award for 1920 fell to Knut Hamsun, a Norwegian writer, whose name few 
Americans had heard. Yet Hamsun once made his home in the United 
States; if the atmosphere had been more congenial, he might have become 
domesticated as the Pole, Joseph Conrad, has done in England. But in 
America would he have found encouragement to do work of the sort that 
wins a Nobel prize? 

“The forces that elevate or depress literature are many and complicated ; 
of the forces that tend to standardize it at a level of respectable mediocrity 
the strongest is commercial exploitation for the amusement of an immense 
and active-minded public which does not take literature seriously and asks 
only to be entertained. If it can be discovered in America why ‘ high-brow ’ 
is a term of derision and reproach, it may help to explain why American books 
get no Nobel prizes.” (Springfield Republican, November 17, 1921.) 

18. Examine the following arguments in support of the hypothesis that 
the United States entered the world war for financial reasons. See whether 
or not it is possible to give any other interpretation of the facts. Do the 
facts (arguments) seem to support the hypothesis? If not, what other facts 
would you suggest that would support it? If the facts cited do not support 
the hypothesis, what shall we do with them, i.e., how shall we explain 
them? 
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(a) Wall Street wanted the war as is shown by the fact that “not a single 
recognized spokesman of our greatest financial and industrial interests, 
anywhere in public life, expressed opposition to the war during the critical 
weeks of Feb. and March, 1917. On the contrary, our leading financiers 
themselves, who up to that period had seldom been quoted on political 
questions, personally endorsed the proposition of belligerency.”” For exam- 
ple, the New Vork Times (April 4, 1917) said: “‘Not since Woodrow Wilson 
became President has any utterance of his met with such instant and hearty 
approval by the leaders in the financial district as his war address to Con- 
gress.” Also the war message was ‘exactly right,’ said the head of one of 
the greatest steel corporations. ‘It was 1too% American,” said a moving 
genius of the American International Corporation, and head of the National 
City Bank. ‘The speech breathes the true spirit of the American people,” 
said an official of a great oil corporation. A prominent member of congress 
charged a great financial concern with having, in March rots, “organized 
and financed a huge propaganda embracing twelve influential publishers 
and 179 selected newspapers, for the purpose of manufacturing sentiment 
favorable to American participation in the war.” 

(b) As Wall Street wanted the war before it came, so, after it came, Wall 
Street promoted the war. This is shown by such arguments (taken as facts) 
as the following: ‘‘The first vigorous and effectual response to the call to 
arms came precisely from Wall Street.” (Saturday Evening Post, July 7, 
i917.) Financiers went about the country making speeches on democracy 
and many multimillionaires favored conscription. By the middle of May 
the leaders of capital and labor arranged for brotherly codperation during 
the period of the war. The most conspicuous boosters for the liberty loans 
were the most prominent financiers. The red cross work was directed by 
another great financier. Country villas were offered by the financiers for 
red cross work and hospitals. The saving certificate committee was headed 
by a large financier. 

(c) Wall Street not only promoted the war but also directed it. The 
Shipping Board as originally constituted consisted of men of large and power- 
ful interests. The Advisory Commission of the Council of National De- 
fense was originally composed of seven members, four of which were big 
business men — one the president of a great railroad, another a famous 
Wall Street speculator. This Advisory Commission had as one of its duties 
that of giving advice to the Council of Defense as to what to buy, where to 
buy it, and how much to pay. The various sub-committees, such as that 
of the Steel and Steel Products Committee, were presided over by big busi- 
ness men. It was the function of these men to divide up the government’s 
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business. Also, various other boards, as the War Industries Board, the Food 
Administration, the latter embracing the sugar committee, meat committee, 
wheat committee, etc. — each of which was presided over by men having 
specific interest in each of the lines named — all such boards were under the 
control of men of large financial connections. 

(d) Wall Street’s interest is shown through the profits of war. “It must 
be remembered that a rich nation at war, or preparing for war, spends enor- 
mous sums of money, and sets all forms of industry in motion,” said a great 
financier. The war ‘converted some of the most obstinate pessimists to 
the view that better times are coming in the stock market.’’ Another says, 
“A million new springs of wealth will be developed.” ‘‘Stocks rebounded 
sharply yesterday on receipt of definite news from Washington that the 
break with Germany had occurred. . . . Bethlehem Steel rose 30 points. 
...” (New York Times, Feb. 4, 1917.) The son of a famous financier is 
said to have made more in two years than his father, who was very rich, 
made in a whole lifetime. In May 1917, wheat reached $3.25 a bushel, 
but farmers did not profit. The farmer sold around $1.30. Cotton, in Aug. 
1917, reached its highest point in forty-five years, but the grower got little 
or none of it. The earnings of one corporation alone for 1917, exceeded by 
many millions the face value of its common stock. Other corporations 
declared large extra dividends, some as high as 200%. Copper companies, 
steel corporations, sugar refineries, meat packing houses, locomotive works, 
etc., all showed large earnings over previous years. (The above arguments 
are taken from Turner, J. K., Shall It Be Again? Chs. XXVII-XXVIII.) 
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CHAPTER XX 


EXPERIMENTAL METHODS IN EXACT SCIENCES 


In Ch. XVIII it was pointed out that experimental methods 
are of different types, depending upon the nature of the 
subject matter under investigation. We have also stated 
the purposes of experimentation in general. We now come to 
the nature and purposes of experimentation as applied to the 
more exact sciences, and to the methods actually employed. 

Experimental science is built up mainly out of the inquiry 
for the cause of things, events, experiences. The assumption or 
postulate underlying systematic inference is that events have 
a cause, or, as it is sometimes stated, that nature is uniform — 
that the same events will happen when the same causes are 
operative. There is a difference between the statement that 
events have a cause and that nature is uniform, but we are 
not concerned with that just now — what we wish to suggest 
is that systematic inference or scientific research assumes an 
axiom or principle as to the uniformity of nature. The assump- 
tion that events have a cause is a recognition of the formal 
logical principle of the fundamental nature of relations. 

Given facts point to, suggest, indicate something that is not 
given directly as are the facts which set the problem, just as a 
proposition implies other propositions. Experience, common 
and scientific, has taught us that something present is a sign 
of something else, as typhoid is a sign of the presence of a cer- 


tain kind of germ. Experimental methods are ways of testing, 
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finding, and marking signs, for the purpose of rendering the 
world a little more rational so that we may know what to ex- 
pect in the way of the happening of events. 

It should be observed that experimental methods have their 
formal or thought aspects. When causal necessity, the meat 
of experimental science, becomes logical necessity, we have 
moved from the thinking to the thought aspect of logic. Every 
causal connection involves a logical connection, and while 
the physical scientist is engaged in the marking of causes and 
signs of events, the formal logician may seize the conclusions 
of the scientist, and develop the logical implications of his find- 
ings. These logical implications become the subject matter 
for further experimental inquiry. The formal periodic table of 
Mendeleeff, for example, leaves Place 72 vacant. Logically 
there should be an element there, but until recently no element 
existed which could fill the place. Experiment, however, on 
the logical implications of the table has revealed a new ele- 
ment, hafnium. We do not mean to convey the idea that an 
existing fact will be found which will fulfill the logical demands 
or formal implications of any set of propositions. It can never 
be pointed out in advance at what particular point nature will 
provide a fact which is symbolized by logical forms. 

Cause, the fundamental concept in experimental science, it 
will be noted, is a relation between terms, or rather between 
events symbolized by terms. Hence, scientific method may be 
described as the attempt to introduce a relation into material 
that has as yet not yielded to our efforts or which has hitherto 
escaped our notice. We attack this material with all the in- 
struments at our command, namely, terms as defined, divided, 
and organized by past thinking, and the fundamental causal 
relation. 

The causal relation which is fundamental in experimental 
science is not an ultimate relation, however, but is a case of a 
more fundamental relation. Experimental science is not con- 
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cerned with a more fundamental relation. Hence, experiment 
furnishes only a ‘ gross’ statement of nature. A more minute 
statement is possible through the introduction of more ultimate 
logical relations, which is purely an intellectual, as opposed 
to an experimental, process. Minute statements are rendered 
possible by the introduction into the findings of the experimental 
scientist of more accurate thinking machinery, namely, rela- 
tions. Experiment furnishes causes, discovers material for the 
introduction of relational analysis. Any science in its earlier 
stages is largely inductive, as was early geometry, for example. 
It becomes deductive when further analyzed, so that it is no 
longer necessary to find a factual case to illustrate the prin- 
ciple, but the case is shown as a logically necessary conclusion 
from the premises. It is not necessary, for example, to use rule 
and compass to show that the diagonals of a square bisect each 
other, but this can be shown once for all by the nature of the 
definitions of the square, diagonals, and bisectors. 

Terms are employed to designate, to place, to indicate, the 
material that sets the problem of scientific research or syste- 
matic investigation ; the causal relation is the instrument which 
is introduced into the material which sets the problems of ex- 
perimentation ; and the proposition, in the form of the hypoth- 
esis, is the union of terms and relations, which experimentation 
seeks either to justify or refute. The question is: ‘Is this 
union of terms and relations adequate to the facts?” If 
it is found to be adequate, the proposition becomes one more 
element in the thought world, the world of knowledge. It be- 
comes material to be analyzed further into the elements of all 
knowledge, and to be integrated with that great body of former 
achievements. 

In this chapter we shall deal with the methods formulated 
definitely by John Stuart Mill, although stated in germ in the 
works of Francis Bacon and later by John Herschel. These 
methods were extracted from the procedure of the earlier physi- 


272 TEXTBOOK OF LOGIC 


cal scientist and naturally reflect these sciences.' Hence, 
they cannot be applied successfully to all realms of interest due 
in part to the difference in the type of subject matter and to a 
different conception of the nature of the material with which 
science deals. Mill’s methods were formulated on certain as- 
sumptions, made possibly unconsciously, as to the nature of 
science and its subject matter. The “ ultimates” or funda- 
mental categories of classical physics were space, time, and 
mass, as conceived by Newton and the scientists of his day. 
These were conceived as “ things.’’ Mill, therefore, did not 
formulate his methods with relations in mind (except cause, and 
he overlooks the relational aspects of this) either as elements 
in thought or as instruments of thinking. The causal relation, 
from the standpoint of the science of that time, could be reduced 
to the relation of inclusion and exclusion between classes, and 
hence science could be stated in terms of the syllogism. The 
introduction, for example, of asymmetrical transitive relations 
gives an added means for the description of phenomena, makes 
for the reduction of what is a gross statement to a minute state- 
ment of the nature of the physical universe — not unlike the 
effect of the introduction of the thermometer which made pos- 
sible an accurate and minute description of the gross proposi- 
tion, “‘ this is hotter than that.” Mill’s methods are valuable 
in giving the procedure for a gross statement of the nature of 
things, but they do not attempt to give the machinery by which 
those accurate and minute descriptions are made, such as are 
found in the recent physics. In this newer account space 
and time are relations and not things as the older science con- 
ceived them.” 


l Any subject matter which can be reduced to the forms demanded by Mill’s 
methods can, of course, be attacked by his methods. The statements above have 
reference to complex subject matter which does not readily yield to analysis into 
‘cases’ and ‘ instances,’ etc. Mill’s methods, it should be remembered, are directed 
towards experimental analysis and not intellectual or mathematical analysis. 

2 “The ‘world’ of earlier physics was a world in time and space, a world of moved 
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Mill’s Methods. Mill designated them as follows: (1) The 
Method of Agreement, (2) The Method of Difference, (3) The 
Joint Method of Agreement and Difference, (4) The Method 
of Concomitant Variations, (5) The Method of Residues. 

The principles involved in the five methods may be reduced to 
two: one, by a comparison of cases in which the phenomenon 
(event) occurs; the other, by a comparison of cases in which 
the phenomenon occurs with cases alike in other respects in 
which the phenomenon or event does not occur. 

(1) The Method of Agreement. MiAll’s statement of the 
Canon of Agreement is as follows: “If two or more instances 
of the phenomenon under investigation have only one circum- 
stance in common, the circumstances in which alone all the in- 
stances agree is the cause (or effect) of the given phenomenon.” 
An example will make this clear. 

John Jones, banker, white, wealthy, etc., drinks carbolic 


acid — dies ; 
Sam Smith, barber, colored, poor, etc., drinks carbolic acid — 
dies ; 


Woo Fing, laundryman, yellow, moderate circumstances, 
drinks carbolic acid — dies ; 
Chief Grey Bear, hunter, red, rich, etc., drinks carbolic acid 
— dies. 
This example, strained though it be, suggests the cause of the 
death of all concerned. The cases differ in all respects (inter- 
preted essential respects) except one. 
We may also represent this method schematically. Assume 


mass-particles, of vibrating molecules, atoms, and electrons. The world of the new 
physics is wholly unobservable: a four-dimensioned ‘absolute world’ where the only 
reality is ‘world lines.’ They represent purely mathematical relations.” Scan- 
dinavian Scientific Review, Vol. I, No. 1, p. 58. It is the discovery of gross causal re- 
lations, however, that makes such a new physics possible. Causal connections are the 
material which is analyzed for the purpose of discovering the invariants, the fun- 
damental categories of the science in question. By an analysis of known connec- 
tions it is discovered that all the facts of physics can be described in the language of 
relations. Relations function rather in intellectual than in experimental analysis. 
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that we are looking for the cause of the effect symbolized by A. 
A appears in the following set of circumstances : 


xyzw — A; 
g20p — A; 
rekz — A. 


We conclude that there is a causal relation between z and A. 
In the method of agreement all the circumstances in the various 
instances differ except one. The one in which they all agree 
is the cause (or effect) of the phenomenon under investigation. 

Examples of the Use of the Method of Agreement. It was 
supposed, before the time of Sir David Brewster, that the 
material of mother-of-pearl was the cause of the display of color 
characteristic of it. He took the impression of a piece of mother- 
of-pearl in beeswax and found a similar display of colors. He 
then took the impression on other substances such as balsam 
and isinglass, and found, in each case, that the colors appeared. 
The inference was that the form of the surface, and not the 
material, is the real cause of the color display. 

Sir David Brewster and other investigators in spectrum analy- 
sis were struck by the predominance of yellow light in the spec- 
trum produced by the flame of any substance. Something 
must be the cause of the appearance of yellow. Talbot sus- 
pected water as the cause but substances which were lacking 
in water returned a spectrum possessing a predominance of 
yellow. It was discovered by Swan in 1856 that sodium chloride 
would tinge a flame of a bright yellow color. Earlier than 
this Davy had shown that there is a little sodium chloride pres- 
ent in the air. Hence, that sodium chloride is in the air, and 
that it will tinge a flame yellow, will account for the yellow 
lines in the spectrum of any combustible substance. 

Schematically we may put this as follows: 

abc (sc) — yellow; 
def (sc) — yellow; 
ghi (sc) — yellow. 
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Sodium chloride (sc) is the cause of yellow since it is the only 
essential element present in all the instances. 

In the treatment of disease it is easy to see the method of 
agreement. ‘A uniform effect consequent upon the adminis- 
tration of a given drug indicates a causal connection capable 
of generalization.” 

Limitations of the Method of Agreement. It is obvious 
from the examples given above that the investigator must 
know a great deal before the method can be applied. If so, 
we may ask, how do we acquire this fund of knowledge in ad- 
vance of the method? 

This is a method of observation rather than of experimenta- 
tion, 7.e., control is not the dominant feature, but rather enumer- 
ation of cases. It is preliminary to experimentation, serving 
as a means of narrowing the field in which experiment is to 
occur. 

Also the causes suggested by this method are not to be re- 
garded as final, nor are they proved to be causes at all. The 
method of agreement does not show why anything is a cause or 
an effect but merely affords information that such and such may 
be a cause or an effect. 

Causes and effects are not so labeled in advance that this 
method (and the others for that matter) can be applied readily. 
The formal scheme is quite impressive, but causes are not 
separable into bits such as a, 6, c, and d. There is always the 
danger that our analysis is not complete. 

The common element may prove to be unessential, while 
another common element may be overlooked. The remedy 
in such cases, it seems, would be a more searching analysis of 
the phenomena in hand, coupled with a great variety in cases 
selected in order to determine the relation of cause and effect 
between the different elements. The common element, for 
example, in a great variety of medicines may be water, and we 
might conclude this to be the cause of the cure of an ailment, 
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It is not possible to say when we have all the causes in any par- 
ticular problem. Nor can we strictly follow the canon of the 
method of agreement, for we never know that the phenomena 
have only one circumstance in common. When we add the 
word relevant to the canon, which, of course, we must do, the 
method takes on the nature of a warning to be as careful as 
possible in observation. 

A cause may be present and still unoperative, but an effect 
always implies the presence of a cause. One may have tuber- 
cular germs and not have tuberculosis, due to the counteracting 
cause of a strong physique. 

(2) The Method of Difference. Méill’s canon for this method 
is: “If an instance in which the phenomenon under investi- 
gation occurs, and an instance in which it does not occur, have 
every circumstance in common save one, that one occurring 
only in the former; the circumstance in which alone the two 
instances differ is the effect or the cause, or an indispensable 
part of the cause, of the phenomenon.” If when an element 
is added something appears, or when taken away it disappears, 
everything else remaining the same, this element is the cause. 
This method applies readily under good experimental condi- 
tions, but cannot be applied readily to phenomena in the wider 
reaches of life. When it is possible to analyze material into 
discrete elements, and to synthesize these into complexes, 
this method may be used. Parts of chemistry and physics may 
be attacked by this method. It is preéminently the method 
of experiment as agreement is the method of observation. The 
essence of it is that we have two instances differing only in one 
respect. 

We may symbolize the method of difference as follows: 

abc — x; 

aby — z. 
It will be noticed that the antecedent circumstances agree in 
every respect except one. The effect is different in the two 
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instances, caused by the one different element in the antecedent 
circumstances. 

Examples of the Use of the Method of Difference. An 
excellent example of the use of this method is found in the recent 
“eclipse expedition ’ to test some of the conclusions of Einstein. 
He had calculated that rays of light passing the sun would not 
travel in straight lines as the wave theory of Huyghens de- 
manded, but would be deflected by the attractive force of the 
sun. His calculations, unverified up to the time of the ex- 
pedition (1919), and based on certain hypotheses as to the 
nature of light, led to a deflection of 1.75 seconds of angular 
measure. Since it is not possible to observe light rays passing 
the sun when the latter is shining, the eclipse offered an op- 
portunity to study the influence of the sun on light passing it. 

Two expeditions were sent out by the British Astronomical 
Society, one to Sobral, Brazil, under Dr. Crommelin; the 
other to Principe, off west Africa, under Professor Eddington. 
In both these places the total eclipse was expected. The eclipse 
occurred on May 29, and lasted six or eight minutes. Several 
photographs were taken when the eclipse was on. Then others 
were taken in the same region of the heavens when the sun was 
absent. The results of the two instances differing in one re- 
spect — the absence of the sun in one case and its presence in 
the other — were announced by both expeditions: the Sobral 
expedition gave 1.98; the Principe, 1.62; average, 1.8. Ein- 
stein had predicted 1.75. The results of the two expeditions, 
coming so near Einstein’s calculations, tended to confirm his 
theory. His hypothesis demanded that a picture of nature 
be such and such, and by experimentation, facts were dis- 
covered which indicated that his picture was correct. Thus, 
as has been said, method is frequently employed for the dis- 
covery of facts, not for the purpose of building an hypothesis, 
but for testing one already advanced. The method of differ- 
ence is the one often used for this purpose, while agreement is 
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used primarily for the purpose of affording grounds for the 
erection of an hypothesis. 

Another excellent example of the use of the method of differ- 
ence is found in the experiment in the elementary texts in phys- 
ics, relating to the influence of air resistance on a falling body. 
If a lead ball and a feather be dropped at the same time, the 
former reaches the ground first. But that this fact is due, not 
to the nature of the bodies themselves as was formerly thought, 
but toair resistance, is shown by the following simple experiments : 

Instance one: ball of lead, feather, dropped at same time in jar filled with 
air — result, reach bottom of jar at different times; 

Instance two: ball of lead, feather, dropped at same time in jar with air 
pumped out — result, reach bottom of jar at same instant. 

Darwin’s experiment on the influence of bees on the fertiliza- 
tion of clover is another example of this method. 

Instance one: twenty heads of Dutch clover exposed to bees — result, 
2290 seeds ; 


Instance two: twenty heads of Dutch clover protected from bees — re- 
sult, no seeds at allt 


Limitations of the Method of Difference. The great diffi- 
culty resides in the reduction of the material to the form so that 
the method can be applied. If all events could be analyzed into 
specific causes and effects, and if there were no problem in ar- 
ranging the material so analyzed, the troubles of the scientist 
would be greatly lessened. The method presupposes extensive 
knowledge gained by former experience, through analogy, 
enumeration, and natural insight. But once we have broken 
our problem into as many parts as possible we may apply the 
method. In many ways, it seems to show the form our 
conclusions take rather than the method by which they were 
obtained. 

Some dangers of the use of the method of difference are the 
mistaking of the two instances as alike with the one exception ; 

1 Darwin, Origin of Species, People’s Library Edition, p. 73. 


EXPERIMENTAL METHODS IN EXACT SCIENCES 279 


the supposition that the one factor is the total cause; the neg- 
lect of the time element such that other causes may be intro- 
duced in the interval; and the introduction of another element 
when the one is removed, or the removal of another when the 
one is introduced. The last named is quite important in many 
delicate experiments such as often must be made in weighing 
or in otherwise using extremely sensitive instruments. Es- 
pecially important is it in certain psychological experiments. 
It is almost impossible to introduce but one new factor in ex- 
periments of this kind when conditions are changed ever so 
little. Let us assume that the one new factor introduced is a 
new experimenter. In words one experimenter is one — just 
as any other is one. But the differences between the experi- 
menters may run into a multitude of differences — tempera- 
ment, attitude, dress, and many other subtle influences that 
are hard to analyze. 

In an experiment of G. H. Darwin who sought to measure 
the lunar disturbance of gravity at the Cavendish Laboratory, 
the delicate pendulum which he used for the purpose was de- 
flected by the weight of the observer. As he shifted from one 
leg to the other while taking the readings the influence of his 
weight was noticed on the pendulum; it became necessary, 
therefore, to take the readings by means of a telescope from a 
distance. 

(3) The Joint Method of Agreement and Difference. The 
canon of this method is stated by Mill as follows: “ If two or 
more instances in which the phenomenon occurs have only 
one circumstance in common, while two or more instances in 
which it does not occur have nothing in common save the ab- 
sence of that circumstance, the circumstance in which alone the 
two sets of instances differ is the effect, or the cause, or an in- 
dispensable part of the cause, of the phenomenon.” Agree- 
ment suggests causes due to a collection of cases; difference 
operates with two cases or instances which agree in every par- 
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ticular except one. The former is not a very powerful analyti- 
cal weapon, and the latter is very restricted in its application 
due to the extreme difficulty in finding instances which differ 
in but one respect. To overcome, in part, the difficulties the 
joint method is used. The essence of the method consists in 
finding a number of instances in which the phenomenon we are 
investigating occurs, and comparing these instances; then, a 
number of instances in which the phenomenon does not occur. 
Then the two comparisons are compared. 

A schema of the joint method may make the procedure clear. 
Let P be the phenomenon whose cause we are investigating. 


ABCOP — hermb; 
CBRDP — ncflt; 
STCDP — xegsy; 
STROP — zuvcew. 


The above shows that when P is present, c is also present. We 
conclude that there may be a causal relation between them. 
But this is only a suggestion, an hypothesis, that calls for fur- 
ther investigation. We wish further to develop our suggestion, 
and therefore seek other instances. 


SBCD — hrmb; 
STRD — nflt; 

ABRO — ogsy; 
ATCD — zyuw. 


We see from these instances that whenever P is absent ¢ is 
absent. We conclude that c is the cause of P. This method is 
often called the method of group comparisons. 

Examples of the Use of the Joint Method. Sir John Lub- 
bock’s experiments on the sense of smell in insects illustrates 
the use of the joint method. ‘‘ He took a large ant and tethered 
her on a board by a thread. When she was quite still, he 
brought a tuning fork into close proximity to her antenne, 
but she was not disturbed in the least. He then approached 
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the feather of a pen very quietly, so as almost to touch first 
one and then the other of the antenne, which, however, did 
not move. He then dipped the pen in the essence of musk 
and did the same; the antenna was slowly retracted and drawn 
quite back. He then repeated the same with the other an- 
tenna, and with like result. Care was taken throughout not 
to touch the antennz. Lubbock then repeated the experiment 
with a number of different ants, and using various substances. 
The result in all cases was the same, and the inference was 
naturally drawn that the antenne possessed the sense of smell. 
In these experiments various substances were taken, having 
nothing in common save the odor of musk that had been placed 
on them.” ! 

Limitations of the Joint Method. The joint method, or, as 
Mill sometimes calls it, the “‘ Indirect Method of Difference,” 
which, in fact, is a double use of the method of agreement, is 
open to the same difficulty that is common to the method of 
agreement. 

Its use extends to more or less complex groups of facts in 
which it is difficult to experiment. About all that can be done 
is to select cases and observe what happens, since it is extremely 
difficult to arrange circumstances so that things are made to 
happen. In cases of observation in which the control element 
enters but little, as is true in this method, our conclusions are 
descriptive rather than explanatory. We are able to say, for ex- 
ample, that such and such is the case, but we are unable to give 
any reason for it. The method is not an infallible way to truth, 
as Mill believed it to be, but a means of analysis by which sug- 
gestions may be partially verified. It is valuable as an analyti- 
cal tool in such fields as biology, geology, and social phenomena 
—in regions of extreme complexity where relations are being 
sought as facts; but it fails to give the certainty claimed for 
it by Mill who felt that this method gives the sole cause when 

1 Hibben, zbid., p. 250. 
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the requirements are realized — but they can never be realized 
perfectly. 

(4) Concomitant Variations. The canon reads: “ What- 
ever phenomenon varies in any manner, whenever another 
phenomenon varies in some particular, is either a cause or an 
effect of that phenomenon, or is connected with it through some 
fact of causation.” 

The method of difference can be applied only when the 
phenomenon under investigation can be removed wholly. But 
such is impossible in many cases, and recourse must be had to 
the method of concomitant variations, 7.e., increasing or de- 
creasing the phenomenon under investigation and noting the 
results. This method may be used as supplementary to the 
other methods when quantitative relations are to be determined. 
Granted that P is the cause of C, we may wish to know further 
the quantitative relation that obtains between them. The 
Newtonian law of gravitation is an example of exact quantitative 
relation. We may know that bodies do attract each other, 
and the closer and the larger, the greater the attraction. Such 
a statement, while true, is not sufficient for scientific purposes — 
we must know how much, and the law states that attraction is 
directly as the product of their masses, and inversely as the square 
of their distance. This method is the method of difference, 
except that the cause and the effect are not wholly eliminated, 
but vary together. 

We may symbolize this method thus: 


ABCDP ! — xyzrc} 
ABCDP ? — xyzrc? 
ABCDP ? — xyzrc3. 


As P increases we note a corresponding increase in c. Varia- 
tion, as is obvious, may be direct or inverse — direct when one 
increases or decreases as the other increases or decreases; in- 
verse when one decreases as the other increases, or vice versa. 
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Applications of the Method of Concomitant Variations. This 
method of causal determination finds wide application both in 
science proper and the more practical matters of life. It is 
the method of quantitative determination. Without going 
into details of experiments that illustrate the method, we may 
mention Boyle’s law — doubling the pressure of air on a gas 
halves the volume; the gradual removal of the air from a jar 
containing a ringing bell, and as the air becomes rarer the ringing 
becomes fainter; the hotter it gets, the higher the mercury in 
the thermometer reaches; and Malthus’ doctrine that popula- 
tion tends to increase geometrically while the food supply in- 
creases arithmetically. Problems in which ratios are sought 
involve the method of concomitant variations. 

Some Difficulties in the Method of Concomitant Variations. 
The chief difficulty is encountered in the facts of discontinuous 
variation — phenomena do not always vary in the proportions 
found under some experimental conditions. One of the best 
examples of this is found in Weber’s law — a law of the relation 
between the stimulus and the sensation. The law states that 
a definite part of the stimulus, say one tenth, must be added to 
it before a difference is noticed; or more generally, that the 
stimulus increases geometrically while the sensation increases 
arithmetically. But it is found that this ratio which seems to 
prevail in the middle realm of certain sensations breaks down 
when we reach extremes. If we had to add one tenth of the 
weight of a body, such as a ten-cent piece, to itself before we 
noticed a difference in the weight, it would not follow that we 
must add one tenth of 200 pounds to a load before we could 
recognize a difference. Because the temperature as we drill 
into the earth increases one degree for every fifty-five feet, we 
should not assume that this ratio continues to the center of the 
earth. Neither should we conclude that if we work twice as 
hard, we shall double our salary, nor that if we double the labor 
and expenditure on our farms, we shall double the returns. 
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The method, so it seems, applies to the right kind of material, 
but we have to discover the right kind. Formal logic, whether 
deductive or inductive, does not attempt to do this. 

(5) Method of Residues. The last of Mill’s methods is 
summed up in the language of the canon: “ Subduct from any 
phenomenon such part as is known by previous inductions to 
be the effect of certain antecedents, and the residue of the phe- 
nomenon is the effect of the remaining antecedents.” 

This is the method of elimination. If we are certain of the 
causes and effects of parts of the elements of a complex, we have 
at hand a new problem, namely, to account for the other parts 
of the complex. Eliminating one by one, according to other 
methods, we reach the last element which is then taken to be 
the cause or the effect as the case may be. 

The investigation of ‘‘ residual phenomena ”’ has led to the 
widening of our knowledge and to the discovery of many things 
of value in practical life. It is said of Darwin that the power of 
never letting an exception pass was of inestimable value in his 
researches. It was the exception, the residual phenomenon, 
that “he seized upon to make a start from.” Also Glauber, 
the eminent chemist, is said to have made it a rule to examine 
everything the other chemists threw away. The many ‘ by- 
products’ of such industries as oil refining and meat pack- 
ing are practical applications of the importance of residual 
phenomena. 

We may symbolize the method thus: 


ABC — XYZ. 


If it is known by previous experiments that A is the cause of X, 
and B of Y, we may conclude that C is the cause of Z. 

Examples of the Use of the Method of Residues. The fact 
that electricity when passing through the air is accompanied 
by a peculiar odor known as “electrical smell,”’ led Schénbein 
to the discovery of ozone. 
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The classic example, however, of the use of this method as an 
instrument of discovery is the work of Adams and Leverrier 
in the discovery of the planet Neptune. “In 1843, a student 
of St. John’s College, Cambridge, named Adams, undertook 
to work out the movements of Uranus, to discover, if possible, 
the position of the body which was pulling it out of what would 
otherwise be its proper path, the attractions exercised by the 
sun and the planets in their different positions, and to show 
what effect they would have in determining the orbit of Uranus. 
Whenever the planet was deflected outwards, it was necessary 
to show where the body was situated which was thus influenc- 
ingit. In 1845 he was able to send a paper to the astronomer 
royal at Greenwich, informing him in what quarter of the heav- 
ens the new planet should be observed. When the discovery 
was afterwards made, it proved that his calculations were al- 
most exactly correct. A failure on the part of the astronomer 
royal to codperate by looking through his telescope for the 
planet gave the prior right of discovery to a Frenchman named 
Leverrier. The latter worked out his calculations in the same 
way as Adams, and obtained almost exactly the same results. 
He sent these results to Professor Galle of the Berlin University 
on the 23rd September, 1846, asking him to look in the part of 
the heavens which he indicated. That same evening, by follow- 
ing out the directions, the planet was discovered in almost the 
exact spot predicted.” + 

Difficulties in the Use of the Method of Residues. One great 
difficulty lies in the fact that we have not exhausted all the 
possibilities in our previous inductions. The analysis may 
have been incomplete and we are thus led into error. It is 
only in limited fields that we can be sure that all possibilities 
have been exhausted. In certain problems in probability and 
in mathematics in general we are able to make our analyses 
complete, but in these fields, especially in the latter, we are 

1 Creighton, An Introductory Logic, pp. 264-5. 
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dealing not with causal, but with logical, necessity. ‘‘ The 
peculiar nature of our subject matter in mathematics enables 
us to see in each case that no alternatives are possible within 
the genus than those which we have considered.” ? 

General Comments on Mill’s Methods. Mill believed his 
methods stated ‘‘ the actual procedure of scientific reasoning 
from facts ’’ and that they yield canons of such strictness that 
reasoning in conformity with them would be formally proved.? 
That he did not accomplish so high a purpose is generally rec- 
ognized. He has stated some of the means for the analysis 
of factual situations, and for testing hypotheses which have 
been suggested through various agencies. But not all of scien- 
tific reasoning can be compassed within the limits of Mill’s 
methods. For example, the movement backwards from con- 
clusions reached by systematic inference to the conditions or 
premises upon which these conclusions ultimately rest cannot 
be accomplished by his methods. 

“The first thought that must occur to a scientific critic is 
that the state of things proposed does not exist in the beginnings 
of any science. No science starts with a clear knowledge of 
its proper fields of operation, with ‘ facts’ sorted out into ‘ an- 
tecedents ’ and ‘ consequents,’ and ‘ circumstances’ and ‘ in- 
stances ’ in the manner Mill’s Methods suppose.’ 2 


PROBLEMS 


1. What is the assumption or postulate underlying causal analysis? 
Must all reasoning start with assumptions of one kind or another? 

2. State the formal aspects of causal analysis. 

3. To what two principles may the five experimental methods be re- 
duced ? 

4. Formulate an original schema for the method of agreement. Point 
out some limitations of this method. 


1 Joseph, H. W. B., An Introduction to Logic, p. 543. 
2 Schiller, F. C. S., Formal Logic, p. 261. Ibid., p. 266. 
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5. To what type of subject matter is the method of difference peculiarly 
applicable? Formulate an example of the method of difference. State its 
limitations. 

6. To what type of subject matter is the joint method peculiarly ap- 
plicable? Name some discoveries attributed to the use of this method. 

7. When is the method of concomitant variations resorted to? State 
some results of the application of this method. 

8. What is meant by “residual phenomena’’? Speak of its importance 
in (a) scientific work, (b) in practical life, as industry. (Consider such 
industries as meat packing or oil refining in connection with residual 
phenomena.) 

g. Analyze the following experiments, state the method or methods 
involved, and make any criticisms you think necessary : 

(a) Francesco Redi, an Italian of the seventeenth century, disproved the 
then prevalent theory that decaying meat was a fertile source of spontaneous 
generation of living matter. ‘‘He placed meat in a receptacle over which 
he fastened a paper cover. The meat yielded no products. Changing the 
cover, he put gauze over the meat through which the odor of the flesh could 
rise. Flies were attracted to it, laid their eggs on the gauze, and these 
developed upon it instead of on the meat.” (C. A.) 

(6) The first important work on the liquefaction of gases was performed 
by Faraday. His experiments, begun in 1823, showed that the capability 
of being liquefied was a property common to most gases. A bent glass tube 
was taken; into its longer leg, which was closed, there was introduced a 
substance which would evolve, when heated, the particular gas to be tested. 
The shorter leg of the tube was then sealed up, and cooled by being placed 
in a freezing mixture. When the longer leg was heated, and gas was gen- 
erated, the pressure in the tube increased, and in many cases the gas con- 
densed in the shorter leg. Thus, by heating sodium bicarbonate, carbonic 
acid gas was obtained, which was liquefied in the short leg. (Caj.) 

(c) Regnault’s experiments showed that, as the pressure increased, the 
product of the pressure and the volume, pv, diminished in all gases except 
hydrogen. 

(d) About the first of Jan. 1798, at a meeting of the French Academy, 
Cailletet liquefied hydrogen, nitrogen, and air. The process consisted in 
compressing the gas into a small tube, cooling it, and then suddenly allowing 
it to expand by removal of the pressure. 

(ec) In 1686 Leeuwenhoek demonstrated the capillary connection be- 
tween arteries and veins. Harvey assumed complete circulation and an- 
nounced the course in 1628, but there was wanting complete ocular demon- 
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stration. Leeuwenhoek tried various animals in his effort to see the cir- 
culation — the comb of a young cock, the ears of the white rabbit, and the 
wing of a bat. Finally he directed his microscope to the tail of a tadpole. 
He thus expresses himself: ‘A sight presented itself more delightful than 
any mine eyes had ever beheld; for here I discovered more than fifty circu- 
lations of the blood in different places, while the animal lay quiet in the 
water, and I could bring it before my microscope to my wish. For I saw 
that not only that in many places the blood was conveyed through exceed- 
ingly minute vessels, from the middle of the tail towards the edges, but that 
each of the vessels had a curve or turning, and carried the blood back towards 
the middle of the tail, in order to be again conveyed to the heart. Hereby 
it plainly appeared to me that the blood-vessels which I now saw in the ani- 
mal, and which bear the names of arteries and veins, are, in fact, one and the 
same; that is to say, that they are properly termed arteries so long as they 
convey the blood to the furtherest extremities of its vessels, and veins when 
they bring it back to the heart. And thus it appears that an artery and a 
vein are one and the same vessel prolonged or extended.”’ (Locy, p. 85.) 

(f) Oersted’s experiment in 1819 marks the beginning of the science of 
electromagnetism. ‘Already in the former century there was a general 
thought that there was a great conformity, and perhaps identity, between 
the electrical and magnetical force; it was only the question of how to dem- 
onstrate it by experiments. Oersted tried to place the wire of his galvanic 
battery perpendicular (at right angles) over the magnetic needle, but it 
marked no sensible motion. Once, after the end of his lecture, as he had 
used a strong galvanic battery in other experiments, he said: ‘Let us once, as 
the battery is in activity, try to place the wire parallel with the needle: as 
this was made, he was quite struck with perplexity by seeing the needle 
making a great oscillation (almost at right angles with the magnetic merid- 
ian). Then he said: ‘Let us invert the direction of the current,’ and the 
needle deviated in the contrary direction. Thus the great detection was 
made; and it has been said, not without reason, that he ‘tumbled over it 
by accident.’”” (Jones, B., Life and Letiers of Faraday, London, 1870, Vol. 
II, p. 390, quoted by Cajori.) 

(g) Five cities of approximately the same size and other conditions in 
which there is a large percentage of crime are compared with five similar 
cities in which the percentage of crime is small. Possible causes are: size 
of police force, efficiency of the public schools, severity of penalties inflicted 
for crimes, and presence or absence of licensed saloons. It is found that 
while every one of the other conditions is found in one or more members of 
each group, none of the cities with a small percentage of crime have licensed 
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saloons and all of those with a high percentage have such saloons. (Creigh- 
ton.) 

10. The following are the results of a series of experiments conducted 
by Dr. Wells in order to discover the cause of dew. What methods are 
employed ? 

(a) Moist bedews a cold metal or a stone when we breathe upon it. The 
same appears on a glass of ice-water, and on the inside of windows when a 
sudden rain or hail chills the external air ; the inference is that when an object 
contracts dew, it is colder than the surrounding air. 

(6) No dew is deposited on a piece of metal which has been polished, but 
on the same metal unpolished dew is deposited copiously. Therefore the 
deposit of dew is affected by the kind of surface which is exposed. 

(c) With various kinds of polished metals, no dew is deposited ; but with 
various kinds of glass, having highly polished surfaces, dew is deposited. 
Therefore, the deposit of dew is affected by the kind of substance them- 
selves also. 

(d) In general, it has been found that those substances are most strongly 
dewed which conduct heat worst, while those which conduct heat well resist 
dew most effectively. 

(e) Again, substances of close, firm texture, as stones and metals, have 
less dew, while substances of looser texture, as cloth, wool, velvet, eider- 
down, cotton, have more dew. But substances of loose texture resist the 
passage of heat the greater the deposit of dew. 

(f) All instance in which dew is deposited have this feature in common ; 
they either radiate heat rapidly or conduct it slowly. All instances in which 
no dew or very little is deposited have in common the opposite feature. 

(g) The property of radiating heat rapidly, or conducting it slowly, sig- 
nifies that the body in question tends to lose heat more rapidly from the 
surface than it can be restored from within. And this in turn renders the 
body colder than the surrounding air. Therefore a body colder than the 
surrounding air precipitates the dew upon it. 

(h) It is known by direct experiment that for any given degree of tempera- 
ture, only a limited quantity of water can remain suspended in the state of 
vapor, and this quantity grows less and less as the temperature diminishes. 
Therefore if there is already as much vapor suspended as the air will contain 
at its existing temperature, any lowering of the temperature will cause 
necessarily a portion of the vapor to be condensed and become water. 

(i) It is possible by cooling the surface of any body to find some tem- 
perature lower than that of the surrounding air, at which the dew begins 


to appear. 
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(j) It is observed that dew is not deposited on cloudy nights, but if the 
clouds withdraw and leave a clear opening, a deposition of dew immedi- 
ately begins. Dew formed in clear intervals disappears when the sky 
becomes thickly overcast. Now a clear sky is nothing but the absence of 
clouds, and it is a known property of clouds that they keep up the tempera- 
ture of exposed surfaces by radiating heat to them. We see that the disap- 
pearance of clouds will cause the surfaces to cool, and the cold surfaces, as 
has been shown, condense the moisture of the air in the form of dew. (Hib- 
ben, pp. 414-5.) 

rz. “Labor statistics show that workers stay a shorter time, on the aver- 
age, upon jobs involving monotonous labor than upon those affording more 
variety. Hence the loss from rapid turnover of labor is greater in the fac- 
tory that minutely subdivides and standardizes jobs. The monotony of 
such tasks cause excessive fatigue, both mental and physical, as compared 
with work affording more variety.’”’ What inductive method has been used 
in order to establish the foregoing conclusion? Why can we not neces- 
sarily infer from these conclusions that workmen and employers would both 
benefit by less subdivision and standardization? What inductive and deduc- 
tive fallacies would need to be guarded against before drawing such an infer- 
ence? 

12. What are the methods employed in the following investigations: 

(a) It was formerly supposed that all nervous fibers in the body exer- 
cised both the function of conveying motor stimuli to the muscles, and 
sensory stimuli to the brain. This was apparently confirmed by the fact 
that when any nerve was severed, both sensation and motion disappeared 
in the part to which it led. But in 1811, Sir Charles Bell published an 
essay to show that nerves were composed of various filaments, whose func- 
tion differed according to the location of their original roots in the brain or 
in the spinal cord. This theory, he pointed out, would account for the 
extreme complexity of the structure of the brain and of the nervous system, 
which on the older supposition remained entirely unexplained. It was 
absurd, he also maintained, to suppose that one and the same nerve fiber 
could conduct sensory stimuli TO the brain and motor stimuli FROM it at 
the same instant; yet we are constantly moving a part at the same time 
that we receive sensations from it. 

(b) In order experimentally to test his theory, he selected two of the 
cerebral nerves, the portio dura and the fifth pair, the first of which has one 
root, while the latter has two. On cutting the portio dura in a living ani- 
mal, motion only was lost in the parts with which it communicates. The 
fifth part has some branches which arise from only one of its roots, and 
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some which arise from both roots. On cutting the first set of branches, 
sensation only disappeared; on cutting the second, both sensation and 
the power of motion were destroyed. 

(c) The spinal nerves have two roots, an anterior and a posterior. When 
Bell exposed and irritated the anterior root, convulsive movements of the 
muscles were set up; but on irritating the posterior root, no movement 
followed. He felt assured, therefore, that the motor function was confined 
to the fibers of the anterior root; but inasmuch as the operation of expos- 
ing the roots was intensely painful to the animal, he could not be certain 
that sensation was set up by fibers to the posterior root only. 

(d) It was pointed out, however, that in some cases of partial paralysis 
of the limbs with which these nerves communicate, motion alone is lost, 
while the power of sensation is retained; in other cases, the reverse condi- 
tion obtains. This seems to show— (What? and How?). (Creighton, pp. 
479, 480.) 

13. Analyze the following, pointing out the methods used: 

(a) A great number of contagious diseases are non-recurrent; an indi- 
vidual who has one of them once is not likely to have it again. What ex- 
planation can be given of this fact? or of the fact that vaccination, itself a 
disease, preserves from the smallpox? After dwelling long on these facts 
this question arose in Pasteur’s mind: If contagious maladies do not repeat 
themselves, why should there not be found for each of them a disease dif- 
ferent from them, but having some likeness, which, acting upon them as 
cow-pox does upon smallpox, would have the virtue of a prophylactic ? 

In experimenting with successive cultures of the fowl cholera germ, he 
found that while those made at short intervals killed the bird inoculated 
with it within twenty-four or forty-eight hours, a culture which had remained 
for three months in a flask with a stopper of cotton wool, which allowed 
nothing but pure air to pass through it, not only did not kill the birds inocu- 
lated with it, but that when such birds were reinoculated with fresh and 
strong virus, they did not die. The conclusion was simple: the disease can 
protect from itself. It has evidently that characteristic of virulent diseases, 
that it cannot attack a second time. Pasteur had succeeded in producing 
a vaccine for fowl cholera. (Vallery-Radot. Quoted from Creighton.) 

(b) What is it that weakens the virus during the interval intentionally 
placed between two successive cultivations, so as to produce the vaccine? 
— the oxygen of the air. For if the cultivation of this microbe is carried 
on in a tube containing very little air, and if the tube is then closed by the 
flame of a lamp, the microbe, by its development and life, quickly appro- 
priates all the free oxygen contained in the tube, as well as the oxygen dis- 


292 TEXTBOOK OF LOGIC 


solved in the liquid. Thus, completely protected from contact with oxygen, 
the microbe does not become sensibly weakened for months, some times for 
years. (Ibid.) 

(c) Pasteur now turned his attention to discovering, if possible, a similar 
vaccine against splenic fever in cattle. In the course of his investigations 
he discovered that this disease was non-recurrent and he was therefore con- 
fident that such a vaccine could be found. He cultivated the microbe, and 
exposed it to the oxygen of the air at a temperature which prevented the 
formation of spores — for these would protect it from the oxygen. The 
resulting weakened culture protected the animals inoculated with it from 
the fever. (Zbid.) 

(d) Pasteur’s discovery of a splenic fever protective virus was doubted, 
and on the invitation of an Agricultural Society he performed a public ex- 
periment at Melun. On May 5, 1881, 24 sheep, 6 cows, and 1 goat were 
inoculated with five drops of an attenuated splenic virus. On May 17 
they reinoculated these 31 animals with an attenuated virus which was, 
however, stronger than the preceding one. Finally, on May 31 very viru- 
lent inoculation was administered to these 31 animals and also to 25 sheep and 
4 cows which had not previously been inoculated. On June 5 out of the 
25 sheep which had not been vaccinated, 21 were dead; the goat also was 
dead; 2 other sheep were dying, and the last was certain to die that evening. 
The non-vaccinated cows had all voluminous swellings at the point of inocu- 
lation, behind the shoulder. The fever was intense, and they had no longer 
strength enough to eat. The vaccinated sheep were in full health. The 
vaccinated cows showed no tumor; they had not even suffered an elevation 
of temperature, and they continued to eat quietly. (Zbid.) 

14. Examine the experiments of Pasteur into the origin of living beings, 
point out the methods employed, and determine whether or not his hypothe- 
sis was verified. 

The theory of spontaneous generation or heterogenesis was once generally 
accepted as an explanation of the origin of living forms. ‘‘Eels were said 
to have come into being suddenly from the slimy ooze of the river Nile, 
and caterpillars and many insects were supposed to be the spontaneous 
product of the leaves on which they fed. A formula for creating mice was 
even suggested; and it was shown that they could be procured by putting 
grains of wheat with some dirty linen in a receptacle, whereupon the mice 
would presently appear.” Pasteur’s problem was to account for the origin 
of living forms. Can living beings come into the world without having 
been preceded by living beings? His hypothesis may be called the bioge- 
netic to distinguish it from the heterogenetic. Precisely his problem was to 
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account for the minute organisms which were found by the microscope to 
inhabit stagnant water. Where did they come from — from the stagnant 
water itself or from life like that which they expressed ? 

There is a possibility that they came in through the air, and that they 
have their existence in the air as well as in stagnant water. If they exist 
in the air, it should be possible to discover this fact. By drawing air through 
a cotton sieve, Pasteur discovered thereon deposited animalcules like those 
under consideration. Since the cotton sieve was organic matter, it was 
objected, it would be possible that it might give origin to the animalcules. 
To meet this objection he substituted an asbestos sieve, and found the same 
results. 

The heterogenists, however, objected that if the germs live in the atmos- 
phere, the atmosphere should be full of them —there should be ‘germ 
clouds.’ Pasteur set to work to determine whether or not they were more 
numerous in one place than in another — testing the streets of Paris, in his 
own cellar, on the Alpine glaciers. These experiments developed the fact 
that germs appear more numerous in some places than in others, and led 
Pasteur to conclude that ‘‘the dusts suspended in the atmospheric air are 
the exclusive origin, the necessary condition of life in infusions.” 

He then set to work to verify this hypothesis — that dust is the condi- 
tion of life in infusions. His description of the experiment is as follows: 
“T place a portion of the infusion into a flask with a long neck. . . . Sup- 
pose I boil the liquid and leave it to cool. After a few days moldiness or 
animalculz will develop in the liquid. By boiling I destroyed any germs 
in the liquid or against the glass; but that infusion being again in contact 
with air, it becomes altered, as all infusions do. Now suppose I repeat this 
experiment but that before boiling the liquid I draw the neck of the flask 
into a point, leaving, however, its extremity open. ... Now the liquid 
of this second flask will remain pure. . . . What difference is there between 
these two vases? The only difference between them is this: in the first 
case the dusts are suspended in the air and their germs can fall into the neck of 
the flask and come in contact with the liquid, where they find appropriate 
food and develop. Thence microscopic beings. In the second flask, on the 
contrary, it is impossible, or at least extremely difficult, unless air is vio- 
lently shaken, that dusts suspended in air should enter the vase. They fall 
on its curved neck. 

This experiment is full of instruction. For this must be noticed, that 
everything in air save its dusts can easily enter the vase and come in contact 
with the liquid. . . . Only one thing cannot enter easily, and that is dusts 
suspended in air. And the proof of this is, that if I shake the vase violently 
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two or three times, in a few days it contains animalcule or moldiness. 
Why? Because air has come in violently enough to carry dust with it.” 

1s. One of the requirements of a valid hypothesis is that it must lead to 
fruitful results — predictions based upon it must possess practical value. 
With this in mind, would the following justify us in classing Pasteur’s hypoth- 
esis as valid: “‘His own work was to apply his new knowledge to the study 
of ferments, and these also he showed to be living beings, not yielded spon- 
taneously as a matter of accident, but the product of entirely natural and 
controllable processes. The tremendous progress in the investigation of 
disease which the last half-century has witnessed followed this work, with 
the isolation of specific germs and the consequent discovery of remedies. 
In two instances, anthrax and smallpox, Pasteur was the pathfinder, but 
other scientists of all nations followed his lead. The marvelous advance in 
surgery and in methods of sterilization associated with the name of Lord 
Lister, all owe their inspiration to this beginning.” (C. A.) 

16. Analyze the following experiments leading to the kinetic theory of 
heat. Test for a valid hypothesis. (Keep in mind.that the kinetic theory 
of matter had its origin as an explanation of the phenomena of heat, but that 
the explanation once made of heat, is carried over into other phenomena. 
“There are probably few other hypotheses in the history of science that have 
proved so extremely fruitful” as the kinetic theory of matter. ‘‘ Nothing 
has as yet been observed that has not already been predicted on this basis 
with uncanny accuracy. Men have proceeded to measure the weight of 
the molecules, their volume, their size, their speed, the distance they travel, 
the number of collisions a second, and the number actually within a given 
space.”)_.(€. A.) 

Just what is this thing called heat — that, when applied to bodies causes 
them to expand, when added to them in sufficient quantities changes them 
from a solid to a liquid state? From early times men have attempted to 
explain these happenings. They assumed heat to be a thing, a substance, 
a fluid, just as they thought of all properties, relations, events, and the like, 
as associated with things. Heat fluid was given the name ‘caloric.’ A hot 
body had more ‘caloric’ in it than a cold body. By compression, caloric 
is squeezed out of the gas compressed, and by friction the caloric that lies 
dormant, so to speak, is rubbed into action, and becomes apparent. It 
would seem that if one rubbed long enough, all the caloric would be rubbed 
out, and that the body could not become any hotter. 

In 1798 Count Rumford told how he attempted to find how much caloric 
he could extract. He placed a metal cannon in a box containing water, 
and, by friction of a blunt revolving borer driven by horse-power, the water 
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was heated to boiling in two and a half hours. There seemed to be no limit 
to the caloric he could produce. He exclaimed, ‘‘What is heat? Is there 
any such thing asa caloric fluid? . . . Anything which any insulated body, 
or system of bodies, can continue to furnish without limitation, cannot pos- 
sibly be a material substance ; and it appears to me to be extremely difficult, 
if not quite impossible, to form any distinct idea of anything, capable of 
being excited, and communicated, in the manner the heat was excited and 
communicated in these experiments, except it be MOTION.” 

In 1799 Sir Humphry Davy performed an experiment that also seemed to 
show the defects of the caloric theory. He rubbed two blocks of ice together 
by clock work in a vacuum, and the result was that the blocks easily melted. 
Now, on the caloric theory the fluid must have been in the ice, but in un- 
sufficient quantities to melt it. Also, on the same theory, there must be 
more caloric in water than in ice. 

J. P. Joule next took up the experimental work in heat and established 
the kinetic theory. If heat is not a fluid but is rather an energy of molec- 
ular motion, and if these molecular motions take place in accordance with 
the laws of motion, then, when mechanical energy is expended upon a body, 
as through pressure on a gas, and is transformed into heat, or the increased 
motion of the molecules within that body, the energy which disappeared 
in the act of compression should exactly equal the energy which appears in 
the increased motion of the molecules, z.e., in heat. Conversely, the energy 
of molecular motion which disappears when a gas expands again (or the 
heat which it loses on expansion) should reappear as mechanical work done 
by that expansion. The task of Joule was to determine what we now know 
as the ‘‘mechanical equivalent” of heat. He experimented on this for about 
forty years. By the use of magneto-electric currents he got, in 1843, the 
value of 460 kilogrammeters as the equivalent of the large French calorie; 
by the friction of water in tubes, he got 429.9; by compression of air, 443.8; 
by the friction of water, he got, in 1845, 488.3; and in 1878, 423.9. By the 
use of these different kinds of material he found that the amount of work 
expended (mechanical energy) was always equal to the amount of heat gen- 
erated; or conversely, that the amount of heat, when converted back into 
mechanical energy, produced the amount that had originally been expended 
in creating it. 

17. It was to Prohibition that the anti-liquor party not unnaturally 
ascribed all the enthusiasm and abounding prosperity of the times imme- 
diately following the war. The Anti-Prohibitionists saw the effects of the 
new measure in the increase in crime and libertinism which accompanied 
that prosperity, and, no less, in the commercial slump and period of depres- 
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sion that followed. When the working classes of a country are earning 
roughly twice as much money per head in wages as they ever earned before, 
it is not necessary to look to Prohibition for an increase in their bank ac- 
counts or in their expenditures on frivolities. (H. Perry Robinson, in The 
Nineteenth Century and After, Sept. 1923, p. 438.) 

18. Determine the causes of the stolidness and conservatism of the Red 
Man from the following argument of Mr. Huntington : It seems probable that 
the Indians owe much of their mental status to the fact that they apparently 
migrated from Asia to America by way of Bering Strait. If that is the 
case, they must have spent many generations in the extremely trying en- 
vironment of the Far North where the January temperature averages Io 
degrees F. below zero, and where the winter night lasts months. Such an 
environment is a terrible strain on the nerves. White men go crazy under it. 
To the man of quick and inventive mind who always wants to be up and 
doing, the enforced monotony of the long, icy night is a torture. His mind 
preys upon itself and in time gives away. The type that survives is the 
phlegmatic man who can sit idly for weeks inside his stuffy hut and not care 
whether anything happens or not. When they left the primitive home of 
man in Asia, the ancestors of the Indian presumably had minds like those of 
their neighbors who became the fathers of other races. When they emerged 
from their long sojourn in the Far North, however, they had lost some of 
their valuable qualities. (Quoted by Thomson, J. A., zbid., p. 240.) 

19. What difficulty, if any, do you find in the following methods for 
approximating the length of time the process of evolution has taken: 

‘ (a) Dividing the total amount of saline water by what is contributed 
every year; 

(b) Calculating how long it would take to form the sedimentary rocks 
such as mudstones and sandstones whose total thickness is about fifty miles, 
on the basis of the annual weathering now going on? (The assumption is 
that sandstones, etc., are the results of weathering.) 

What experimental methods are involved in the above? 

20. “If a tentacle on one side of a sea-anemone’s mouth be given a little 
piece of meat, it grasps it and transfers it to the mouth. If then it be given 
a little piece of filter-paper which has been dipped in beef-juice, it will do 
the same — which is very unprofitable. If the alternation is kept up for a 
little, with the same set of tentacles, the sea-anemone takes the true food 
and the faked food equally well. But after eight to ten trials it has learned, 
brainless creature though it is, to swallow only the true food; it casts the 
paper-food into the sea. Now it is very interesting that if the same experi- 
ment be made with the tentacles on the other side of the sea-anemone’s 
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mouth, they will take true food and faked food indiscriminately. They 
have not profited at all by the experience of the other tentacles. This shows 
very clearly the disadvantage of there being no centralized nervous system.” 

State the method involved in the above. Determine whether or not 
the conclusion is as clearly shown as the author of the quotation seems 
to think. What other conclusion or conclusions would the fact seem to 
suggest ? 
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CHAPTER XXI 


PROBABILITY 


THERE are but few ‘dead certainties,’ and certainties are 
generally dead. The methods which we have discussed in 
former chapters aim at certainty, although they do not always 
hit it. But the aim formally stated, z.e., stated in the language 
of thought or product, is to find a proposition of the form ‘ All 
Ais B’ or ‘No A is B’ —a universal proposition. 

The inductive methods thus far considered are directed to the 
discovery and proof of causal relations. But a little thought 
will make it evident (1) that al relations are not causal, and 
(2) that some relations that may be causal are so complex, so 
involved in a multitude of details, that it is impossible to apply 
the ordinary methods. We need but to recall that cause A pro- 
duces effect B, cause X, effect Y, etc. If all causes were done 
up in neat packages, so that they could be named ‘ 4,’ ‘ B,’ ‘C,’ 
etc.; and if all effects were likewise labeled, the troubles of 
investigation would be greatly lightened. Causes and effects 
are not organized in the neat fashion that the methods of Mill 
presuppose. 

Again, in relations that are not causal, it is obvious that some 
other method or methods must be employed, the method, namely, 
of syllogistic and relational analysis. Even in certain phenom- 
ena involving relations that might be causal from some stand- 
points, our interest may not be in the causes but in the facts 
themselves. Wemay be interested in the fact that a certain num- 
ber of divorces happen, or that so many railroad accidents occur, 
or that the per capita wealth is so much, without the least inter- 
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est in the causes of these phenomena. In the physical sciences 
not all experiments are for the purpose of determining causal 
relations. For example, Regnault’s experiments performed in 
the years from 1862 to 1866, on the propagation of sound through 
water pipes, were done for the purpose of finding how fast 
sound travels through pipes of water and not for the purpose 
of determining the cause of the passage of sound through them. 
In the course of his researches he found conditions such as the 
size of the pipe and the intensity of the initial sound, which 
affected propagation. In many problems, such as those of 
measurement, the immediate concern is the length (or any other 
dimension) and not a cause. 

But the non-causal relations and the complex causal ones 
are extremely important. The methods of discovering, or- 
ganizing, and interpreting facts! and of predicting occurrences 
in some non-causal situations and all complex causal ones we 
shall group under the topic Probability. 

Nature of Probability. Probability is a name which is ap- 
plied to (1) the degree of belief warranted by the premises, and 
(2) toa branch of mathematics. Should we express the extremes 
of intellectual life, one would be certain knowledge; the other, 
total ignorance. These extremes are seldom if ever found — 
the former, if at all, in a few axioms of logic and mathematics, 
but rarely in science; the latter, it may be, never. Between 
the two is the region of probability — by far the greatest por- 
tion of knowledge. It too shades off from “almost certain ”’ 
to ‘ extremely doubtful.” Much of our “ almost sure ” knowl- 
edge passes as science. In fact Mill’s methods are directed 
to knowledge of this type, but it is certain enough to pass as 
science. 

Probability conceived in the first sense includes all those 
methods by which probable judgments are reached — those 


1 ‘Facts’ here is used to denote logical and mathematical facts as well as the more 
obvious type, physical. 
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means by which facts are interpreted, predictions made, and 
hypotheses projected in complex matters of social as well as of 
some physical and non-causal phenomena. It will, therefore, 
include empirical generalizations, statistics, averages, circum- 
stantial evidence, historical reasoning, and such other methods 
as are directed to highly complex material. We may conceive 
statistics and averages, for example, as grounds for probable 
judgments, as the major premise is the ground of the conclusion 
of a syllogism, or the law of causation the ultimate ground of 
induction. If we are asked for a reason for the conclusion that 
A will probably happen, we have recourse to statistics, empiri- 
cal generalizations, and the like, as the deductive reasoner has 
to the major premise or to his axioms and indefinables, or the 
inductive scientist to the laws of causation. Thus statistics, 
etc., are programs of action in complex material; they are 
methods of interpretation of facts and of predicting occur- 
rences. Interpreted in terms of formal logic they are major 
premises; in terms of scientific method they are hypotheses. 
In other words, they are the elements of thought and the in- 
struments of thinking put out to service in the wider reaches 
of complex material. 

Some of the problems suggested above will engage us later; 
for the present we shall deal with one aspect of non-causal prob- 
ability, namely, the mathematical. 

Mathematical, deductive, or non-causal probability may be 
developed from the point of view of the limitations imposed 
for the application of a calculus, and from that of the rules 
for estimating probability. The conditions for the applica- 
tion of a calculus of probability to events are two in number: 
(x) that we know all the possible ways an event may happen, 
and (2) that the same forces operate throughout the whole 
period during which events occur and of which calculations 
are being made. 


In some problems it is difficult to secure these conditions, and 
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then recourse must be had to experience — enumeration of 
cases, statistics, and the like. But in some cases the condi- 
tions are readily realized as in games of chance. There are but 
two ways a coin can fall, for example, or six ways a die; but 
precisely what one may do on a crowded car in case of an 
accident cannot be stated — no calculus can be applied to such 
phenomena. 

Rules for Estimating Probability. When we are dealing with 
single events, the probability is expressed by a fraction whose 
numerator is the number of favorable chances and whose de- 
nominator is the total number of possibilities. For example, 
in throwing a coin once the probability of getting heads is }. 
Only two alternatives are possible — heads and tails. In one 
throw of a die, the probability of sixes (or any face) is. Sup- 
pose, to complicate the case a little, that we are given the let- 
ters e, a, and ¢. What are the probabilities that a significant 
word will be formed when they are thrown down in a row? 
The possible arrangements are six in number (3 X 2 X 1). 
If we examine all these arrangements, we find three words, eat, 
tea, ate. The denominator is 6, the numerator is 3; the prob- 
ability of getting a significant word is 4. 

In dealing with compound events, 7.e., those that may be 
broken up into two or more simple events, if the events are 
independent, the rule is: multiply together the fractions ex- 
pressing the probabilities of the independent component events. 
Events are independent when the happening of one does not 
render the happening of the other more or less probable than 
before. A revolution in Mexico would not be rendered more 
or less probable by our discussions on probability. Hence they 
are independent. 

The probability of throwing heads twice is} X } or4; of 
throwing them three times straight 4 X 4 X 4 Or 4. 

If two events are mutually exclusive, the probability of get- 
ting one or the other is the sum of their independent probabili- 
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ties. In throwing a die, the probability of getting a four or a 
five or a six is? +1-+ +4 or 3. When we are presented with 
cases in which the occurrence of the first influences the prob- 
ability of the occurrence of the others, the probability of the 
compound event is the product of the probability of the first 
with the probability of the second as affected by the first. 

Experimental Verification of Deductions in Probability. The 
probability of agreement of theory with practice is very great. 
Buffon was an early experimenter, tossing a coin 4040 times, in 
which 1992 came tails and 2048 came heads. De Morgan had 
the trial repeated, throwing 4092 times. The theory demands 
2046 heads and a like number for tails; but experiment showed 
2044 tails and 2048 heads. Quetelet tested the theory by plac- 
ing 20 black and 20 white balls in an urn and drawing, each ball 
being replaced before a new drawing was made. The greater 
the number of drawings made, the more nearly the ratio was 
1:1. He made 4096 drawings, getting 2030 black balls and 
2066 white. Quetelet made the discovery that, in each phenom- 
ena investigated, a certain norm or mean was “found to exist 
about which the number of instances or occurrences was great, 
and as the distance from the mean increased the number of 
items fell off with mathematical regularity. In fact, he found 
that if the number of occurrences were plotted as ordinates, 
that the result was a regular binomial curve identical with that 
given by the mathematical law of chance or probability.’ ! 

Jevons’ experiments consisting of throwing coins is one of 
the most elaborate undertaken to show the relation between 
theory and experience. He took ten coins, tossed them and 
noted each time the number of heads. He made 2048 throws, 
the whole number of single throws of coins being 20,480. By 
theory he should have 10,240 heads and a like number for 
tails. Actually his results gave 10,353 heads.? 


1 King, W. L., Elements of Statistics, p. 11. 
2 Principles of Science, pp. 208 ff. 
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PROBLEMS 


1. What are some of the fields in which it is possible to render judg- 
ments that are only probably true? Does experimental science seek a 
probable judgment? What form does it seek? 

2. What is meant by probability? Illustrate by diagram the place of 
probable knowledge in the whole region or field of knowledge. 

3. Formally stated, what is the nature of statistics? 

4. From what points of view do we develop deductive or non-causal 
probability ? 

5. State the conditions for the application of a calculus of probability 
to events. 

6. What does each of the following propositions mean? 

(a) He is probably an official of some sort. 

(6) There is a strong probability in favor of his being elected. 

(c) The probability of ten more years of life for a man of his age is 
& (J) 

7. Thirty % of the men in college are Freshmen, and twenty % of the 
Freshmen come from the west. What is the probability that the next 
student who passes will be a Freshman from the west? A Freshman and 
not from the west? Nota Freshman? (J.) 

8. What is the probability of getting heads five times in six throws of 
a coin? 

g. A got a certain story from B, B from C, C from D, and D from E. 
In each case there was an even chance that the hearer ‘got it wrong.’ What 
are the chances that A got E’s story exactly as he told it? (A.) 

ro. A young man inherits a considerable sum of money. He speculates 
with it, investing his entire capital in a single security in which, on the best 
information he can secure, the chances are ro to 1 that the security will 
advance in value. When the advance comes, he sells, and invests his entire 
capital in another security on which the chances of an advance are also 
believed by him to be ro tor. If he continues this policy, what will be the 
ultimate outcome? 

11. Inacertain dormitory, men are in the habit of throwing the cigarette 
stubs into their wastebaskets. Suppose that there is 1 chance in too that 
the contents of the wastebasket will be ignited, and 1 chance in roo that an 
ignited wastebasket would set the house on fire before it was discovered, 
do you think that this practice, if not discontinued, will ultimately result 
in the building burning down? 

12. Ina certain fraternity house men are in the habit of spitting in their 
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wastebaskets. Suppose that 1% of college men are tubercular and that the 
chance that a man might be infected as a result of this practice if he has a 
tubercular roommate is 10%. Is the risk great enough to condemn the 
practice ? 

13. Some years ago in a university of sooo men students it was a tradition 
among about one fourth of the students, including most of the popular men in 
the place, that a man who did not go out with the boys and get drunk every 
Saturday night was not a “‘true sport.’’ Suppose there was only one chance 
in 50 that such practices would seriously harm the efficiency in after life of 
any particular man who engaged in them. Was the risk serious enough so 
that a man who was ambitious of college popularity should have avoided 
the practice? 

14. How much probability does the following argument afford? How 
could further investigation profitably have been made? The new Quin- 
quennial Catalogue of Harvard Graduates “‘reports on the success of Har- 
vard Graduates of the Class of 1894 . . . by the vote of three judges, one 
of them Dean Briggs; each of the judges determining for himself his defi- 
nition of ‘success,’ 23 members of the class received at least two votes out 
of the possible three. Their college records were then compared with those 
of 23 classmates, chosen blindfold. It was found that the former category had 
received between 3 and 4 times as many ‘A’s’ as the latter, the figures 
being 196 and 56. This seems a body blow at the lightly declared doctrine 
that it ‘really doesn’t matter’ whether the American college student studies 
or doesn’t study, the essential thing being his spending four years in a 
university town and its adjacent metropolis.” (The Independent, Dec. 15, 
1910.) 
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CHAPTER XXII 


STATISTICS 


Tue methods that have been devised for the interpretation 
and prediction of events differ as to certainty of results. In 
many cases man’s instruments are too dull to operate success- 
fully on the tangled mass of material at his disposal; he does 
not lose hope, but on the contrary he invents a technique for 
dealing with material to the end that his judgments are prob- 
ably true. One of these methods is statistics, “‘ the chief in- 
strument through which the progress of civilization is now 
measured, and by which its development hereafter will be 
largely controlled.” ! 

Statistics may be considered as (1) instruments of interpreta- 
tion, means for the analysis of facts; or (2) as a platform or 
principle for prediction. They take the same position logically 
in complex material that the hypothesis takes in the simpler 
material of physical science, and that the major premise takes 
in the formal logic of classes and that axioms and postulates 
take in a purely deductive science. What has been said of the 
uses and dangers of the hypothesis and the major premise is 
applicable to statistics. Our ‘laws of nature’ discovered by 
the inductive methods are statements of the ways things be- 
have — they act ‘according to the law.’ For example, when 
a stone is dropped from the top of Washington monument, it | 
falls a little more than sixteen feet the first second, forty-eight 
the second, and so on. The law of its behavior is expressed 
in the form of an equation, s=4(gé). This is called the ‘ law of 


1 North, S. D. N., in The History of Statistics, edited by John Koren, p. rs. 
395 
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falling bodies,’ since all bodies when falling freely behave in 
accordance with it. But in statistics we can never say that 
any individual or case will behave thus and so — all we can say 
is that ‘in the long run’ thus and so will be the case. We may 
not say, for example, that any particular couple we select will 
be divorced within a given time, but we can say rather accurately 
that so many divorces will occur in the United States in any 
given year. 

Statistics, then, is a way of dealing with groups rather than 
with individuals, or rather a way of dealing with the individual 
indirectly by a consideration of the class it belongs to. 

Some Definitions of Statistics. King! defines statistics as 
“* the method of judging collective natural and social phenomena 
from the results obtained by the analysis of an enumeration or 
collection of estimates.”’ Many samples are taken and analyzed, 
and this forms a basis for prediction and interpretation, as the 
law of falling bodies forms a basis for predicting the rate of fall 
of a body, or the distance any body falls in any given second of 
its fall. If I know that in too trials my reaction time to a 
visual stimulus averages, say, 345 seconds, I have a state- 
ment that enables me to predict with reasonable accuracy the 
time of any reaction of mine to a visual stimulus. The 100 
trials and their average affords such a basis or platform. 

Another statement which emphasizes a feature in statistics, 
namely, enumeration, is that they are “ the results obtained 
in any field of reality by methods of counting.”’? This connects 
statistics with enumerative induction and with classification. 
Classes are formed of individuals that can be counted, and judg- 
ment concerning any particular case is rendered on the ground 
of the class to which the individual belongs. If, for example, 
I desire an insurance policy and give my age as 35, my health 
good, ancestors long lived, etc., I am placed in a class which 


1 King, Elements of Statistical Method, p. 2. 
2 Quoted by Creighton, ibid., p. 220. 
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determines the premium I am to pay. The insurance company 
knows no better than I the date of the actual collection of the 
policy, but they have sufficient information concerning the class 
to which I belong to return dividends to the stockholders and 
at the same time pay the amount of my policy to my heirs. 
By counting instances and analyzing them, they have an in- 
strument for handling my case and all others like it. 

Another statement is: “Statistics is generally thought of 
from two points of view: first, as a series of isolated numerical 
facts; and second, as a method involving the collecting, sorting, 
classifying, tabulating, summating, and comparing enumerated 
facts for the purpose of describing or explaining phenomena 
with which the enumerations deal. Viewed solely in the first 
light, statistics is little more than arithmetic, and as such has 
little or no interest for us. From the second point of view, 
statistics closely resembles logic, concerned as it is with the 
processes and methods of formulating and testing conclusions 
from premises resting solely upon enumerated bases.” } 

To What Applicable. Statistical method is applicable to 
any field in which the material is very complex, and in which 
individual observation is unable to furnish sufficient facts. 
It is often impossible to analyze data into simple causes and 
simple effects. ‘‘ We cannot tell whether (an empirical law) 
depends wholly upon laws or partly upon laws and partly upon 
a collocation. If it depends upon a collocation, it will be true 
in all cases in wh ch that particular collocation exists.”? If we 
could analyze into simple elements, we could apply traditional 
methods, but this is impossible in the tangled webs of life and 
nature, and our recourse is to statistics. 

Many problemsin sociology, education, economics, psychology, 
biology, and astronomy can be attacked only by the statistical 
method. “ Statistics are the language in which social conditions 


1 Secrist, H., An Introduction to Statistical Methods, p. 7. 
2Mill, J. S., Logic, Bk. II, Ch. XVI. 
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are accurately described and social laws accurately stated.” ' 
Also problems of measurement may be attacked by this method. 
For example, the supposedly simple problem of finding by 
measurement the circumference of a glass tube, or the length 
of a given rod, or the time a given star passes a given point, or 
tests for the Mendelian law all involve statistics, the reduction 
of complex material to the universal language of counting. 

Some of the questions that the sociologist raises can be treated 
only by statistical methods. Recently this method has been 
introduced widely into problems of education, into mental and 
social phenomena.? Army tests, weather reports, and predic- 
tions made by almanac makers, financial predictions, life in- 
surance, sport predictions, and the multitude of uncertainties 
are treated by this method or not at all. The science of statis- 
tics ‘‘ enables us to determine with scientific precision the di- 
rection in which certain sociological, economic, and industrial 
currents are moving; the rapidity of the movement and the 
influence of one current on another.” 

The Axiom of Statistical Method. It will be recalled that 
deduction has its axiom, the dictum; induction also assumes 
the causal principle; and statistical method, while a special 
form of inductive procedure, has its principle or fundamental, 
namely, that many samples taken at random from a whole 
possess the characteristics of the whole. A few samples of 
wheat taken from different places in a car load serve as a basis 
for evaluating the entire load; 30,000 children, when measured 
for height, weight, and mental attainments, may form a stand- 
ard or norm for measuring many others, for the same character- 
istics; the average wages paid in a given trade for the past 
25 years may form a basis for estimating what should be the 
present wage in that trade. 


1 Bailey and Cummins, Statistics, p. 1. 
2 See Thorndike, E. L., Mental and Social Measurements. 
3 North, ibid., p. 18. 
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This principle is sometimes spoken of as the “‘ law of statistical 
regularity ” or the “constancy of classes.” ‘ With astonish- 
ing precision year follows year in the assigned causes of fire (in 
N. Y. City). ‘ Carelessness with matches’ a!ways leads by the 
inevitable percentage, and so in sequence: ‘ Children playing 
with fire,’ and ‘ Cigar and cigarette ends falling through grat- 
ings.’ So, too, Jewish Sabbath lights, and Italian tapers care- 
lessly burning under Saints and Madonnas, kindle their calcu- 
lable yearly tale of horrors. And, by some iron decree, the 
average annual loss for each fire mounts unfailingly to $680, and 
varies but $1.50 in two years. And then there is that persistent 
daily mean of thirty alarms. As you watch the numbers click 
to their calls, you may think to see the hours playing for vic- 
tims a ghostly red-and-black of their own—a roulette of 
demons.”! It seems that just so many deaths must occur in 
a year, so many births, marriages, divorces, crimes, warm days, 
cool days — in short classes tend to be constant. This fact 
has tended to discourage many people and to breed a fatalistic 
attitude. 

The notion of the constancy of classes or the law of statistical 
regularity may be readily gained from Thomson’s discussion of 
filial regression.2 ‘‘ Of great importance for man is the idea of 
Filial Regression, formulated by Sir Francis Galton, Darwin’s 
illustrious cousin. It was based on a study of the inheritance 
of human stature and some other qualities, which led him to 
recognize a marked tendency to mediocrity or towards the aver- 
age of the stock. It has been remarked that the offspring of 
extraordinarily gifted parents are often rather commonplace 
and that the children of under-average parents sometimes turn 
out surprisingly well, both physically and mentally. It looks 
as if there were some mysterious succession-tax levied on marked 
deviations from the average. The succession-tax is levied on 
great defect as well as on great excellence, for filial regression 

© Quoted by Bode, B. H., Am Outline of Logic, pp. 151-2. 2 Tbid., pp. 180 f. 
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works upwards as well as downwards, forwards as well as back- 
wards. Filial regression has nothing to do with reversion or 
deterioration. 

“ Filial regression depends on the fact that our inheritance 
is multiple, say one fourth from each parent, one eight from . 
each grandparent, one sixteenth from each great-grandparent, 
and so on backwards till we come to an average sample of the 
stock. It does not apply to sharply defined unit characters 
which do not blend, and it will not apply to lineages where there 
is very strict marriage selections, e.g., within a small caste. 

“Take a few sentences from Galton. ‘The more bounti- 
fully a parent is gifted by nature, the more rare will be his good 
fortune if he begets a son who is as richly endowed as himself, 
and still more so if he has a son who is endowed yet more largely. 
But the law is even-handed; it levies an equal succession-tax 
on the transmission of badness as of goodness. It discourages. 
the extravagant hopes of a gifted parent that his children will 
inherit all his powers, it no less discountenances extravagant 
fears that they will inherit all his weakness and disease.’ 

“Tt might be thought that this is depreciating the value of 
a good stock. But the children of a gifted pair are likely to be 
more gifted than those of a mediocre pair; only there is likely 
to be a proportionally larger regression. If there are two very 
gifted members of a poor stock who are personally equivalent, 
so to speak, to two ordinary members of a good stock, the 
children of the former will tend to regress; those of the latter 
will not. The moral is that care of good stocks is more impor- 
tant racially than care of very exceptional members of poor 
stocks. By stock is meant a group within a race of somewhat 
similar individuals among whom intermarriage is common. 

“ Professor Karl Pearson points out that if we take fathers of 
stature 72 inches, the mean height of their sons is 70.8 inches; 
we have a regression towards the mean of the general population. 
On the other hand, fathers with the height of 66 inches give a 
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group of sons of mean height of 68.3 inches; they have pro- 
gressed towards the mean of the general population of sons. 
“The father with a great excess of the character contributes 
sons with an excess, but a less excess of it; the father with a 
* great defect of the character contributes sons with a defect; 
but less defect of it. The general result is a sensible stability 
of a type and variation from generation to generation.’ 

“This is a very important idea — the tendency that off- 
spring have towards the mean of the population. Professor 
Karl Pearson again points out that ‘ A man is not only the prod- 
uct of his father and his mother, but of all his past ancestry. 
Unless very careful selection has taken place, the mean of that 
ancestry is probably not far from that of the general population. 
In the tenth generation a man has (theoretically) 1024 tenth 
great-grandparents. He is eventually a product of a population 
of this size, and their mean can hardly differ from that of the 
general population. It is the heavy weight of this mediocre 
ancestry that causes the son of an exceptional father to regress 
towards the general population mean; it is the balance of this 
sturdy commonplaceness which enables the son of a degenerate 
father to escape the whole burden of the parental ill.’ 

““ Now, the largest aspect of this is that society, in regard to 
certain characters, tends to move like a great fraternity. There 
is social inertia. There is a tendency towards the average. The 
minus side is the risk of sinking into mediocrity. The plus 
side is the tendency to counteract inferiority or slipping back.” 

The Value of Statistics By the use of statistics we are able, 
first, to grasp a field that is too broad otherwise to be compre- 
hended. It would be difficult from our own observations to 
determine the wealth of one county, much more of the whole 
country. By stating such facts as the wealth of a nation, its 
population, its resources in minerals, grains, etc., in figures, we 
are able to deal effectively with them. Knowledge of the popu- 
lation and its distribution relative to age and sex, for example, 
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affords a basis for predicting the size of army that can be raised 
and supported; knowledge of the coal resources of a country, 
of the number of men at work in mining and distributing it, 
and of industries that consume coal furnishes a basis for pre- 
diction of future conditions in this industry and those related - 
to it. No individual by his own observations could gain any 
accurate idea of the wealth of a country by a journey through 
it, nor of its population, and the hundreds of other things that 
travelers who visit a country for a short time pronounce upon 
with such assurance. Such information is gained only by care- 
ful statistical procedure and not by individual impressions and 
observations. 

Statistics also furnish a basis for prediction, 7.e., they stand 
as programs for future actions. As has been suggested, statis- 
tical tables and averages of various kinds in any department of 
interest take the place in complex regions that the hypothesis 
takes in the simpler regions of physical science, and that the 
concept (term) takes in the process of judging or thinking, and 
that the major premise takes in the forms of deductive inference 
— all are instruments for the interpretation of particular cases, 
means of organizing material, suggestions for action. One of 
the functions of the hypothesis, it will be recalled, is to guide 
predictions. It is an instrument stated in the form of a propo- 
sition by which we conduct our investigation, and when it be- 
comes fairly well established, 7.e., when it reaches the dignity 
of a ‘law,’ it becomes more and more the instrument for pre- 
dicting occurrences. Tables of averages, developed according 
to the methods that prevail, serve precisely the same purpose 
in the more complex regions of experience. Tables of averages 
are thus reduced to one of the instruments by which we do our 
thinking, namely, the proposition whose elements are terms and 
relations. However far we may move in our thinking experi- 
ence, into whatever regions we may happen to go, we carry 
with us the instruments mentioned in the first chapter, terms, 
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relations, and propositions. They may take different names as 
we wander from field to field, we may speak of the hypothesis 
here and of statistics there; but by whatever name we may de- 
sire to call them, whether premises, hypotheses, or statistics, 
or what not, they take their place as instruments for the analysis 
of a complex, and as elements into which that complex may be 
dissolved. It is because statistics may be so analyzed that 
they are a part of logic. 

Another point of value in statistics is that it is often possible 
to detect relations between phenomena, which would not other- 
wise have been noticed. A careful study of tables of various 
kinds, 7.e., directed towards different conditions, often opens 
up relations between phenomena that had not before been per- 
ceived. It may be that relations had been suspected, but not 
known with any degree of accuracy. Some one may have sus- 
pected that the price of food and the number of children per 
family were related, but when we examine statistics on food 
prices and others on the size of families, we may discover a re- 
lation, and may further state mathematically the characteris- 
tics of the relation — we may state to what degree they are 
related. It will be noticed that this involves one of Mill’s 
methods, namely, that of concomitant variations. 

When we find uniformities between two sets of tables, it 
suggests that the same forces are operating, though we may not 
know what the forces are. The divorce rate may be uniform 
with the marriage rate. But when there are variations between 
the tables, we seek for the cause of the variation. If the number 
of divorces leaps in proportion to the number of marriages, we 
begin to search for the cause of the variation. Unless we had 
recourse to averages to begin with we may not have known that 
divorces were actually on the increase, and hence would never 
seek for causes. 

Causal connections are suggested in direct proportion to the 
completeness of the analysis of the material that is organized 
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statistically. If we take such a phenomenon as the death rate 
per tooo in a community, we find certain total results; but if 
we analyze the material more closely, such as the dividing of 
the people into classes according to age, sex, color, etc., and find 
the death rate per 1000 on such a basis, our results will be more 
useful since they suggest relations that the former classification 
did not. We should find, for example, that the death rate of 
children under one year of age is greater than at other periods. 
Our problem then would become that of determining the cause 
of this fact. On the former classification, 7.e., on determining 
the number of deaths per 1000, there would be no way of discov- 
ering by an examination of the results alone that the death 
rate is greater at one age than at another. 

Steps in Statistical Research. After we have defined our 
problem, determined precisely what it is that we wish to in- 
vestigate, we may proceed according to the following plan: 
(1) collection of material, (2) editing of material, (3) tabulation 
of material, (4) summary, (5) critical examination of results. 
It is by no means an easy task to define a problem accurately, 
and until this is done there is nothing to collect material for. 
Problems are specific, definite things. As we saw in the treat- 
ment of observation there must be some definite purpose to con- 
trol observation or we become mere star gazers and day dreamers. 
The collection of material in statistical investigations is anal- 
ogous to observation in the simpler fields of research. The 
same rules govern it and the same dangers attend it. The 
material should be collected over a wide field just as observation 
should be extensive so that irrelevant coincidences may be 
eliminated. 

The methods of collecting material vary with the kind of 
problem and with the resources of the investigator. A very 
common method, one that is as unreliable as it is common, is 
known as the questionnaire method. A few questions bearing 
on the topic under investigation are asked, sent to various people, 
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and the answers they give furnish the fact material for the build- 
ing of the hypothesis or for testing one already entertained. 
Official reports, such as census reports, are common sources of 
material. 

Editing is preliminary to tabulation. The purpose is to 
correct any errors that may have crept into the schedules or 
reports that have been collected by the investigator. The gen- 
eral purpose may be summarized as that of insuring as high a 
degree as possible of accuracy, consistency, uniformity, and 
completeness in returns.! 

The essential in tabulation is that the material be grouped in 
ways easily understood. This is a recognition again of the 
value of classification, the organization of material through the 
introduction of a relation as an instrument. Material must 
be analyzed and classified according to the demands of the prob- 
lem. As Bowley says,? “ In collection and tabulation common 
sense is the chief requisite and experience the chief teacher.” 
Logic has nothing to do with ‘ common sense’ and is therefore 
unable to give directions for collection and tabulation, further 
than to point out that this ‘common sense’ be given oppor- 
tunity to express itself, free from the trammels of narrowness 
and prejudice. 

The purpose of the summary is to present results in a clear, 
intelligible way. Often for this purpose charts, graphs, curves, 
and pictograms of various kinds are used. When stated in such 
forms, results are often more easily comprehended. Pictures, 
figures, and diagrams are the language of statistical sciences. 
Since statistics deal with material that can be counted and 
measured, it is possible to represent them spatially. 

Many statistical investigations fail in complete effectiveness 
because of the inadequate way the material is presented. Sta- 
tistical investigations are usually complex, presenting page after 


1 Bailey and Cummings, ibid., p. 17. 
2 Bowley, Elements of Statistics, p. 17. 


316 TEXTBOOK OF LOGIC 


page of figures which weary the flesh and vex the spirit. “ Time 
after time it happens that some ignorant or presumptuous mem- 
ber of a committee or board of directors will upset a carefully- 
thought-out plan of a man who knows the facts, simply because 
the man with the facts cannot present his facts readily enough 
to overcome the opposition.”! Facts, as we have pointed out, 
do not speak for themselves, and when left to do so, often lead 
us toerror. To let facts speak for themselves, it will be recalled, 
was the aim of the Baconian method. Graphic methods of 
presentation are attempts to get the facts so presented that 
they speak the conclusion that seems to be in them. We can 
do no more here than to call attention to the large field of 
graphic methods for presentation. The student should consult 
such a work as Brinton, Graphic Methods. 

In Brinton will be found methods for presenting the com- 
ponent parts of a whole, as the disposition of the gross revenues 
of a company; methods for presenting simple comparisons, as 
the bacteria per cubic centimeter of water; of presenting com- 
parisons involving time, as the number of college students enter- 
ing various professions at different periods; ways of expressing 
time charts, as the operation of freight-car floats at a railroad 
and steamship freight terminal; methods of curve plotting to 
handle variables, as: values of exports in different years; fre- 
quency curves and correlation ; and map representation showing 
distribution of products, etc. 

We thus see in statistics the recurrent problem of a method for 
stating the results of thinking. In the physical sciences they 
are stated in laws, equations, and formule of various kinds; in 
the deductive and mathematical sciences, in equations, equalities, 
inequalities, and propositions of various kinds. But the in- 
teresting feature, from the standpoint of logic, is the fact that 
however different these statements may seem, they all may be 
reduced to propositions, either class or relational, thereby illus- 

1 Brinton, W. C., Graphic Methods for Presenting Facts, p. 1. 
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trating the fundamental nature of propositions as elements in 
thought. These same statements, laws, equations, formule, 
inequalities, statistical tables —all the statements of results, 
whether in mathematics, the physical sciences, or in the com- 
plex realms of social science — are instruments for the inter- 
pretation of novel facts, agencies for prediction of events, and 
means for the control of intellectual experience. That is, they 
are instruments of thinking, as well as elements of thought. Since 
all such statements may be reduced to propositions whose ele- 
ments are terms and relations, we observe the fundamental 
nature of these for thinking and thought, for process and product. 

By a critical examination of results is meant the directing of 
attention to (a) the source of the material, (6) the methods of 
tabulation, (c) the way of summarizing, (d) the conclusions 
themselves — all for the purpose of determining whether or no 
the conclusions follow from the premises. 

The examination of results in statistics corresponds in many 
ways to the testing of the hypothesis in the methods of scien- 
tific procedure in the physical sciences. If the conclusions drawn 
from fairly collected material, properly tabulated, and intelli- 
gently interpreted, harmonize with the known facts or lead to 
fruitful results when used as programs of behavior, these con- 
clusions, like the hypothesis of physical science, become verified. 
Such conclusions are, indeed, hypotheses, although the latter 
term is used more directly in connection with the physical sci- 
ences. The critical examination of results should include not 
only an examination of the steps by which the conclusions were 
reached, but the wider one of noting the relation between the 
conclusion and the facts known, and the value of the conclusion 
as an instrument of interpretation and tool of research. 

It is impossible to give complete directions for every statis- 
tical investigation — each has its own peculiarities and per- 
plexities; but the above general statements cover the essentials 
of such an investigation. The logic of it is precisely that in- 
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volved in any thinking undertaking — observation of fact, 
suggestions of a possible solution of the difficulty, and testing 
the suggestions by all the machinery, both mental and physical, 
at our command. 

Some Difficulties in Statistical Investigations. It will be 
recalled that deduction has its rules, and that induction as de- 
veloped in the earlier chapters is afflicted with disabilities of 
various kinds. Especially in observation do we meet numerous 
troubles. These afflict the method of statistics even more. We 
may group the difficulties of statistical research under the 
following headings : 

(a) Data too limited and poorly selected ; 

(b) The personal equation ; 

(c) Preconceptions of the investigator ; 

(d) The plan which determines the selection of cases may be 
faulty ; 

(e) The conclusions may be too accurate for the data, 

We shall say a few words about each of these. 

(a) Unless we select from a wide field we may not have elim- 
inated individual peculiarities. The larger the group selected 
from and the more selections made, the more accurate should be 
our results. In the case mentioned earlier of the car load of 
wheat, if only three samples are taken, it might be possible that 
all would be taken from portions that had accidentally become 
wet through leakage of the car. In dealing with such phenomena 
as crop estimates the necessity for wide selection is obvious. 

(b) The ‘ personal equation ’ arises when we have to deal with 
the observations of different individuals. One observer may 
tend to overestimate and another to underestimate. If we take 
the observations of either as reliable, we shall draw faulty con- 
clusions. Then, again, different observers use different standards. 
Suppose the investigation is relative to drunkenness in different 
cities. Suppose A is investigating the conditions in one city, 
B in another, and so on; while the results of their observations 
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are sent to C who arranges them in statistical form. A’s notion 
of drunkenness may differ from B’s, and so on down the line. 
Such terms as ‘ insanity,’ ‘ intemperance,’ ‘ sickness,’ ‘ luxury,’ 
and ‘idleness ’ are open to many interpretations, which lead to 
difficulties which can be remedied, if at all, only by careful defi- 
nition of the terms employed in the investigation. In astro- 
nomical investigations it is common for different observers to 
determine their personal equations and to make allowance for 
them in the results. 

(c) If we begin our investigation with an opinion as to how 
it should turn out, we shall be tempted to see that any doubt 
is always interpreted in favor of our preconception. “If a 
teacher wishes to show how bad his class is, he will put more 
doubtful cases in his list of those who are disorderly or deficient 
than if he wishes to show how good it is.” If our averages run 
into decimals, such as 50.5 or 50.6, and the latter is more in 
accord with the notion we have formed, we shall be tempted to 
use the latter average. It is only by fairness in the selection of 
material and freedom from preconceptions in its interpretation 
that we can assert that “‘ figures don’t lie.” They are precisely 
as truthful as the individual making the observations and cal- 
culations. 

(d) If we select cases according to a faulty plan, it is evident 
that the cases have not been fairly selected. We may not be 
aware of the fact that the plan is faulty, but ignorance in statis- 
tical research as in law excusesno man. In making comparisons 
between groups the assumption is that all other forces and con- 
ditions except the one under investigation act upon and control 
one group as much as the other. The assumption is that every- 
thing else is equal as between the groups under investigation, but 
that one thing, namely, that under investigation, is the force or 
cause of the difference between the groups. It may be that we are 
mistaken about the importance of the one thing, and that other 
forces which we have neglected are also operating unequally on 


320 TEXTBOOK OF LOGIC 


the different groups. We select cases on the principle which 
turns out to be less significant than we had thought. 

(ec) Results may often be stated in the accurate terms of 
mathematics. We may carry them to several decimal places. 
It is often the case that no such accuracy is warranted by the 
data. We then attempt to draw conclusions from accurate re- 
sults, assuming that the latter were actually warranted by the 
data. We are drawing conclusions not from actual data but 
from the results of the application of a method to the actual data. 

As an example, take a horse that trots a mile in about two 
minutes and five seconds. A stop watch timing him registers 
fifths of asecond. A horse trotting at the above rate goes better 
than eight feet in a fifth of a second. So by that watch it is 
impossible to tell the time it takes the horse to go less than eight 
feet. It is useless to measure the track accurately, say, to the ex- 
act inch, as far as that horse and that watch are concerned, since 
anything less than eight feet is immaterial. We might conclude 
that since horse A trotted over the mile track in New York in 
two minutes and five and one fifth seconds, and horse B on the 
Latonia mile track in the same time, that they had run equal 
distances; but it would not follow necessarily. There could be 
a few feet (less than eight) difference between the length of the 
tracks. If accurate measurements show the Latonia track to 
be six feet longer, it would be natural to say that B, since he 
trotted six feet farther than A, in the same time, must have gone 
faster. But this conclusion is unwarrantable. 

Terminology in Statistical Method. One of the important 
terms in statistical method is averages. They are used: (1) “To 
give a concise picture of a large group. (2) To compare different 
groups by means of these pictures. (3) To obtain a picture of a 
complete group by the use of sample data only. (4) To give a 
mathematical concept to the relationship between different 
groups.”’! 

1 King, ibid., p. 121. 
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Statistics, as has been said, deal with things that can be 
counted. For the purpose of making a comparison between two 
groups, not the individuals but the averages are used. Average 
is a mathematical concept. It seems that science grows in 
proportion to the ability to apply mathematics to different sub- 
ject matter. It may be that the Pythagoreans were not far 
off the right track when they emphasized the fundamentality 
of number in understanding the world. 

Of the various kinds of averages we shall discuss the following : 
(a) Arithmetical, (b) Weighted, (c) Geometrical, (d) Mode, 
(e) Median. 

(a) The arithmetical average is the simplest and most 
common of the various kinds. It is found by dividing the sum 
of the items by the number of items. The chief difficulties 
with this kind are that all the items must be present, and that 
extremes are too much emphasized. 

(b) The weighted average is the name applied to that aver- 
age which results from multiplying the various items by a 
number known as the “ weight,” and dividing the sum of these 
products by the sum of the weights. This form of average has 
application especially in economic discussions. Suppose our 
problem to be that of determining the advance which should 
occur in wages when food and clothing have advanced in price. 
We could take the various items of food and clothing, average 
them arithmetically and thus find the average increase over a 
price that prevailed a few years before. Then this increase 
could be used as a basis for calculating the proportionate in- 
crease in wages. But such a method is not generally used since 
it makes no place for the relative importance of different articles. 
It would be unsound, for example, to urge that since salt, silk 
neckties, and engagement rings have increased 50% over last 
year, our salary should be increased proportionately. The items 
named above possess a relatively small weight, say 4, in re- 
lation to wheat, which should be, say 7, cotton 4, meat 3. 
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Weights are determined by experts in the lines in which the 
weights are used. They may, of course, be too low or too high, 
but so long as they are used by everybody no difficulties can arise. 
They may be found in various trade journals and in government 
reports which bear on industrial problems. 

(c) The mode is that quantity or item which occurs with the 
greatest frequency. It is the mode we have in mind when we 
speak of the ‘average student,’ ‘the general run of things,’ 
and the like. 

In simple cases it is determined by an examination of instances. 
In starting a ready-to-wear clothing business it is of importance 
to know the number of various sizes of suits to purchase. To 
get at this it is not feasible to take the arithmetical average of 
the individuals of the community, but recourse is had to the 
form of average known as the mode. In case a merchant is 
buying, say, tooo suits to start, he knows by an examination 
of instances how to distribute the suits so that almost all can be 
accommodated. Probably size 36 would be the mode, 7.e., the 
most frequently occurring item in the list of 1000 suits, as 8 
would probably be the mode in 1000 pairs of shoes, or 63 in 
hats. The furnishing of a general country store, a post office, a 
meat market, and the like, is accomplished by the use of the 
mode. Frequently a purchaser is compelled to pay a high price 
for an article because it is an extreme from the mode. For ex- 
ample, take certain parts for an automobile that is uncommon. 

(d) Geometric average is the quantity which’ may be sub- 
stituted for each one of the several quantities when they are 
multiplied together, and give the same product. Thus 8 is the 
mean between 4 and 16, since 8 X 8 = 64 and 4 X 16 = 64. To 
find the geometric mean, or, as it is sometimes called, the 
logarithmic mean, the rule is to multiply the terms together 
and take the root of the product, corresponding to the number 
of terms. Thus the logarithmic mean of three quantities is 
the cube root of their product. 
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The geometric mean is used when quantities bear a fixed ratio 
to each other. In such cases as determining the growth in 
population of cities or in calculating compound interest this 
mean is used. Suppose a city had a population of 10,000 in 
Igt0 and 30,000 in 1920. The difference of 20,000 divided by 
the number of years would not give a fair estimate of the relative 
growth of the city from year to year, since the increase would 
be relatively small during the first few years and relatively 
large the last. 

(e) The last kind of average we shall consider is the median. 
It is the middle object or quantity in a group arranged accord- 
ing to size or magnitude. The median is not affected by ex- 
tremes as is the arithmetical average, nor is it necessary to have 
complete information about all the items. ‘‘ It may be that 
in the ‘ wage census ’ 100,000 persons whose wages were far be- 
low the average did not come into the returns at all, and it is 
very difficult to estimate their effect on the arithmetical aver- 
age, for want of information as to their earnings; but to find 
the median we need only know their number, not their earn- 
ings; and if we can assign a maximum for their number, we can 
still place the median within narrow limits.”’} 

The median is the type of average used when we deal with 
material or quantities which cannot be measured accurately. 
It was used by Galton in dealing with the inheritance of traits. 
It finds application today in grading abilities of any kind, such 
as memory and attention. In such cases the quantities (individ- 
uals) to be measured are arranged according to theirrank. John 
cannot be said to possess twice the intelligence of James, nor 
can John Wesley be said to be three times as pious as John 
Knox, nor can we say that if we add 25% to the political ability 
of the Jewish people, they will equal the Irish in that respect.? 


1 Quoted by Jones, Logic, Inductive and Deductive, p. 203. 
2 Thorndike, E. L., An Introduction to the Theory of Mental and Social Measure- 


ments, p. 18. 
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Deviations from the Average. In order to know something 
about the nearness of the several quantities to the average we 
have recourse to what are known as Average Error and Probable 
Error. It is important to know the nearness of the quantities 
or items to the average, for our judgments concerning any new 
case are accurate in the degree of approximation to the average. 
We have little confidence in an average when the variations are 
great. 

To find the average error we take the difference between each 
quantity (individual) and the average; then take the arith- 
metical average of the deviations. The arithmetical average 
of 6, 8, 12, 30 is 14. Also the average of 16, 11, 18, 12 is 14. 
In the first case the deviations are 8, 6, 2, 16; and the aver- 
age of the deviations is 8. In the second case the deviations 
are I, 3, 4,2; and the average is 24. It is obvious that the 
smaller the average error the more homogeneous is the group. 
When the average error is large, we cannot have much confidence 
in the average, 7.e., judgments based on such averages are more 
probably incorrect than those based on small average errors. 

The probable error is the name given to the median or middle 
quantity when the various deviations from the average are 
arranged in the order of their magnitude. The probable error 
is that quantity within which half the errors fall. Suppose we 
have collected material fairly, 7.e., our data are representative 
of the whole group of facts, then when any new case is presented, 
it is as likely to be within the range of the probable error as it 
is to be out of the range. An example will make this clear. 
Let us take the following quantities: 3, 5, 7, 10, 12, 15, 18. 
Their arithmetical average is 10. The deviations from the 
average are 7, 5, 3, 0, 2, 5, 8. When arranged according to 
magnitude, we have o, 2, 3, 5, 7, 8. The median is 5. This 
number represents the quantity above which half the errors 
will fall, and below which the other half will fall. When the 
probable error is great, as it is in the above case, we know that 
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the quantities are wide in variation, but when the probable 
error is small, the series form a homogeneous group. 

Correlation is another term of importance in statistical method. 
This term has a meaning in statistical method analogous to that 
of concomitant variations in the simpler inductive methods of 
Mill. Correlation indicates causal connection between phenom- 
ena. It is the discovery of correlations that marks one of the 
chief values of statistics. 

Very simple examples of correlations are the relation between 
the wheat crop and rainfall, crime and illiteracy, and typhoid 
fever and typhoid vaccination. The occurrence of rain (to a 
certain extent) is correlated positively with the size of the wheat 
crop, crime with illiteracy ; but typhoid and typhoid vaccination 
are correlated negatively. When the presence of one phenomenon 
indicates the presence of the other, we have positive correlation ; 
when the absence of the one carries with it the presence of the 
other, we speak of negative correlation. 

The degree of correlation can be expressed mathematically. 
The number which does this is called the coefficient of correlation. 
Complete positive correlation would be expressed by + 100; 
complete negative by — 100; nocorrelation by o. “A coefficient 
of + 63 between two phenomena would mean that one was 
present in 63 per cent of the cases in which the other was 
present.” 

PROBLEMS 


1. What is the logical position of statistics? To what are they appli- 
cable? 

2. State the axiom of statistical method. Compare it with that of 
deduction and of induction as applied to the physical sciences. 

3. What would you give as the chief values of statistics? 

4. Exemplify: Causal connections are suggested in proportion to the 
completeness of the analysis of the material that is organized statistically. 

5. Assume that in the solution of a problem we move through the fol- 
lowing steps: (a) the location of the difficulty or the problem; (6) the defi- 
nition of the difficulty; (c) origin of possible solutions (hypotheses) to ac- 
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count for the difficulty ; (d) experimentation on these hypotheses or possible 
suggestions; (e) testing conclusions by factual observations, 1.e., deter- 
mining whether or not our conclusions drawn from the hypothesis are veri- 
fied in fact. Find a correlate for each of these steps in statistical investi- 
gations. 

6. Give examples of your own, illustrating the difficulties in statistical 
research. 

7. Give examples from various fields of the kinds of averages. What 
advantages do weighted averages have over arithmetical in the problem of 
determining the advance in wages in a given industry? How are weights 
or index numbers determined ? 

8. Determine the probable error in the following set of quantities: 4, 6, 
8, 9, 12, 14, 15, 17. Use the same quantities and determine the average 
error. Of what value are probable error and average error? 

9. Give examples of positive, negative, and zero correlation, respec- 
tively. 

to. Along what lines would you think statistical investigations might 
well be undertaken for the good of present society ? 

11. The population of a certain town was 5000 in 1900, and 20,000 in 
1920. What was it in 1910 (assuming a gradual increase)? Can you 
determine the population in 1930 from the data given? 

12. ‘At the same rate of increase which we have maintained on an aver- 
age from our first national census in 1790, until that of 1860, we should in 
1900 have a population of 103,208,514. And why may we not continue 
that ratio far beyond that period? Our abundant room, our broad national 
homestead is our ample resource.’”? — Abraham Lincoln’s Annual Message 
to Congress in 1862. (Ina similar way he inferred that the population in 
1910 would be 138,818,536.) In 1930, what? 

13. “‘More men than women die every year. This is due to the greater 
mortality attending the life of the male.”” (Mayo-Smith, “Statistics and 
Sociology.””) What does this mean? How can it be possible? ‘In Ger- 
many 10g men die each year for every 100 women.’ What can we conclude 
from this? Why is it better to know that in Germany 28.6 out of every 
thousand males die each year and 25.3 out of every thousand females? 
Since everybody must die sooner or later, how is it possible that there should 
be in any country (or in the whole world) a permanently greater death-rate 
for one sex than for the other? (A.) 

14. Interpret the following statistics : 

“In Sweden the population and the smallpox mortality have both been 
known year by year since 1774. Before vaccination the mortality from 
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smallpox for thirty years averaged 2045 per million. With permissive vac- 
cination from 1802 to 1816 it was reduced to 480; during seventy-seven 
years of compulsory vaccination the mortality averaged 155 per million; and 
for ten years ending 1894 it has been down to 2 per million. . 

“Tf we compare the rate of smallpox mortality in the different countries, 
we see an enormous difference between the well vaccinated and the badly 
vaccinated populations. Here is a table, given by Dr. Edwardes, of the 
mortality rates per million in the five years 1889 to 1893: 


SMALLPOX 
Mortatity 
PER MILLION 
GERMANY Mare at cesta sc hhaats va aeaS elas Sloe «SOR oe eS 2:3 
ao eanGMNV ALCS ict = hl. Gites sete ecto oh aoa eld matn Meee 13.6 
hietebrorich towns in aye sic asetan Bc eeeed ais kal ee 147.0 
LAs nS Se acne ee ta EPR OTE gOS rt PLA Ret A ar Se a ee 180.8 
yal Fort Thi) 2 oe 6 ONO RRO Cori caters thon aM ear AR a ee 253 
PLISUE Eee Cameras ns cucr eure rake Mech Ah daednre bis snus din ee Mahan hs 313 
SERIE ee eee eA hes oly Siete GE TSO sie Wa ME dn eh teed MODE 638 
Russia, three years only, including Asiatic Russia................ 836 


“Tn Germany, vaccination and revaccination are both compulsory. In 
the other countries revaccination was, at that time at least, nowhere en- 
forced.” 

15. Interpret the following statistics : 


A table giving the percentage of accidents occurring 
according to the time of the day 


TIME GERMANY Iraty 
12) )3)A.M. 1.93 I.09 
3- 6AM. 2.55 2.47 
6- 9AM. 13.87 15.40 
9-12 A.M. 28.42 29.20 
I2- 3P.M. 13.81 14.55 
iy OPPeEM. 26.62 26.48 
6- 9PM 9.25 7.83 
Q-12 P.M. 3.85 2.54 (S.) 


16. Interpret the following : 

Julius H. Barnes, Chairman of the Institute for Public Service, made 
public yesterday an analysis of a study of the registration in 210 colleges 
and universities for the third year before the war, the third year after, and 
the year 1917, together with forecasts of what the registration would be in 
1930 and 1950 if the growth of the last six years is continued. 
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These colleges which in 1914 had 187,000 students and last year 294,000 
will have 471,000 in 1930 and 831,000 in 1950 if they continue to show the 
same gain each year. If they keep on growing at the average percentage 
rate of the last six years, they will have 695,000 in 1930 and 1,138,000 in 
LOSOMee 

In giving out the summary, Mr. Barnes said, in part: 

“Comparable returns have come from 21o colleges and universities of 
which 58 are supported from taxes, endowments, and fees, and 152 from 
private contributions, endowments, and fees. The publicly supported in- 
stitutions include most of the State universities and many of the agricultural 
and engineering colleges, while the private institutions, include Columbia, 
Temple, Northwestern, Pennsylvania, Cornell, Harvard, George Washing- 
ton, Southern California, Georgetown, Tulane, Johns Hopkins, Smith, Tufts, 
Western Reserve, Princeton, Drake, Dartmouth, Oberlin, Brown, Vassar, 
Mt. Holyoke, Lehigh, Knox, Carleton, Swarthmore, etc. The demand for 
higher education which is reflected in these returns is representative. In- 
creases have not depended upon location, sizes or public support. 

“Nor does the war explain the growth from 187,000 to 294,000 in six years, 
for the rate of increase in the largest public universities was identically the 
same in the three years before the war as in the three years following the war, 
while in the privately supported universities having over 2000 students the 
increase was greater in the three years before the war than in the three years 
following the war. 

“Tf there are any forces at work which will make higher education seem 
less desirable in the future, they are not yet apparent. On the contrary, 
reports from all over the country indicate that this year’s increase since 
1914 is equal to 18 institutions the size of Columbia in 1914 or 100 colleges 
the size of Vassar. (New York Times, Oct. 11, 1920.) 
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CHAPTER XXIII 


LEGAL METHOD 


PossIBLy no other field is of more general interest, unless it be 
that of morality, than the legal. The legal and the moral are 
connected in vital ways, and it may be possible to draw some 
conclusions which are applicable to morals from a consideration 
of the methods of legal reasoning. 

The syllogism and the methods which prevail in the physical 
sciences are those that have hitherto received most of the atten- 
tion of the logician. The inductive methods of Mill, as has 
been said, were developed largely from the procedure of the 
physical scientist, especially theastronomer. Statistical method,! 
the chief instrument in the larger interests of business, govern- 
mental administration, sociology, and, in short, in any subject 
in which individual observation is too limited to furnish factual 
material, is quite recent in its wider developments. This is com- 
ing more and more into logical treatises. But legal methodol- 
ogy has received but scant attention from the logician. 

Generally the portion of legal method that has found a place 
in logic is the least significant portion, namely, that which per- 
tains to the collection of evidence for the determination of a 
particular case. For example, a case of murder is chosen and 
the method described for collecting evidence. This, as is ob- 
vious, is but a small part of juristic or legal reasoning. It fails 
to take account of the larger aspects of such reasoning, which 
concerns the methods by which principles, laws, and hypotheses 

1 Statistical method does not involve other principles than those found in the 


methods of Mill. 
329 
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are determined for the interpretation of the particular case. 
It omits the most interesting and significant phase of juristic 
reasoning, namely, how terms are formulated, meanings con- 
stituted, relations set up, and propositions established. 

For completeness in logical thinking, we cannot assume that 
law is already ‘ there,’ and that the business of the jurist is to 
interpret the case in hand in terms of the preéxisting law. 
Such a procedure is analogous to the attitude taken earlier to 
the syllogism, namely, that major premises are delivered by 
intuition or revelation, and that minor premises are obvious 
cases of the major, and that the conclusion follows necessarily 
from the relation set up by the middle term. After a case has 
been decided it is possible to state the results in the form of the 
syllogism; but in the process of thinking out the case, in the 
actual solution of the problem, no such clean-cut procedure is 
possible. The solution of a legal problem, some aspects of 
which are represented in an ordinary court trial, is analogous 
to thinking, to the process aspect of our first chapter; while the 
statement of results corresponds to the thought or product aspect. 

Juristic reasoning bears a close resemblance to, and involves 
the same logical principles as, reasoning in scientific research. 
Both take for granted some kind of order and organization — 
the scientist has regard for the contribution of his predecessors 
and his axiom, 7.e., he makes use of the knowledge already 
achieved and assumes the principle of the uniformity of nature; 
the jurist for the decisions and legal conceptions of the past. 
Both deal with fact material; both engage in the hazardous 
undertaking of observation; both build hypotheses to account 
for and to give significance to the facts; both employ method- 
ology for testing the validity of their conclusions. 

It will be recalled that one of the chief problems in induction 
or the method of systematic inference is the discovery of major 
premises, stated generally in propositional form as “ laws of 
nature.” We saw that deduction takes the major premise as 
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given, and, upon this assumption, determines the valid conclu- 
sions that may be drawn, using for the purpose of testing the 
rules of the syllogism. We saw that the solution of a genuine 
problem involves both these processes. Juristic reasoning also 
involves both. 

Some Differences between Scientific and Juristic Reasoning. 
While the logical principles involved in scientific and juristic 
reasoning are the same, the settings or circumstances out of 
which problems grow and in which reasoning takes place are 
vastly different. The scientist is usually less interested in the 
outcome of his speculations, i.e¢., he is more impersonal as to 
results. It makes little or no difference to him, except as he 
has a theory he wants to verify, what conclusions he is led to 
by the facts. There are relatively no human emotions, passions, 
and sentiments that tend to warp his judgment. This is so in 
a relative degree. The scientist is not a machine but is a man 
with all the disabilities of the species, but relatively not so much 
of human passion is tied up in a scientific problem as is found in 
a legal one. It is generally when scientific conclusions appear 
to conflict with a moral principle or a religious dogma that 
personal elements enter. 

In legal matters the personal element is ever present. Law 
is, in general, what we live by; science, the way things behave. 
The setting of a legal problem is always a clash between the 
interests of different individuals or groups. The setting of a 
creative scientific problem is a clash between what is accepted 
as a law (of nature) and something that cannot be explained in 
terms of that law, z.e., a clash between a law and its exception. 
The difference is that in general the waging of the conflict and 
the outcome are not attended with the personal, human element 
in the former as is the case with the latter. 

Whether the Einstein theory of gravitation is true makes 
little difference in the immediate interests of people. We shall 
continue to carry on the activities of life in about the same way 
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as under the Newtonian theory. No one is excited to anger, 
wrath, joy, philanthropy, or hilarity on the truth or falsity of 
the Einstein theory. It is not meant that the truth or falsity 
of such theories makes no difference in the life of a people. 
They do certainly, but usually not in the same immediate 
manner that legal decisions do. It does make a great immediate 
difference if a corporation is declared illegal, or an injunction 
against labor is sustained. Juristic reasoning is in the main 
concerned with values, while scientific reasoning is concerned 
primarily with existences. But the same reason is involved in 
each, the same logic." 

It is far more difficult to discover facts in legal situations 
than in scientific. While ‘nature speaks a various language’ 
she is at least supposed to speak the same one again and again, 
to the end that if we fail to hear at one time, we may wait until 
the next; but in legal problems precisely the same language 
is never spoken again — we must hear now or not at all. Ex- 
tremely conflicting forces furnish the fact material of legal 
reasoning, and the result is that our judgments are only probably 
true. The judgment forms, 7.e., the propositional functions, 
are identical with those of scientific research, and admit of all 
the operations of formal implication. 

For the purpose of displaying the logic of legal reasoning we 
shall attempt to answer three questions: (1) Where do major 
premises come from, 7.e., how do laws or law in general originate? 
This, as has been pointed out, is the chief question which en- 
gages the man who is investigating the phenomena of nature. 
(2) When a premise or law has been discovered what is it for? 
(3) How are individuals discovered to be ‘cases’ of the law 
or premise? These questions and their answers do not exhaust 
the richness of juristic thinking, but the logic of the process 
may be shown sufficiently in our discussions of them. 

(x) The Origin of Legal Premises. Are legal premises found, 

1 See Ch. XIV for a discussion of value judgments. 
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discovered like the ‘laws of nature’; or are they deliverances 
of intuition, springing full grown from the head of a Lycurgus 
or a Solon; or are they the creature of a divine mind, given 
under miraculous circumstances for the control of man’s life; 
or are they the will of some human authority as a king; or are 
they rules or rather principles of action found serviceable in 
the run of experience for interpreting cases that are analogous 
though different ? 

To attempt to answer these questions in detail would take us 
too far afield. What is important for logical purposes is the 
fact that all legal reasoning is founded ultimately on a premise 
or set of premises, analogous to the dictum of Aristotle, or to 
the idea of universal causation in the inductive sciences. What, 
precisely, this premise or set of premises is, is a matter of the 
times in which they flourish, 7.e., the prevailing philosophy, the 
conceptions as to the purpose of law, the ideals of mankind, and 
the like. At the time of Grotius (1625), for example, the doc- 
trine of natural rights was beginning. These rights, such as 
life and liberty, were conceived as deductions from human 
nature. The reasoning would be something as follows: human 
nature is thus and so; what conclusions follow granted that it 
is actually as it is believed to be? These conclusions, deduc- 
tions of reason from observations as to the nature of man, formed 
the ultimate premises upon which all legal reasoning took place. 
The “rights of man” thus assumed a place of prime impor- 
tance. ‘The common-law rights of Englishmen became the 
natural rights of man.”! “It was conceived that there were 
first principles of law inherent in nature and that these principles 
were discoverable by deduction as necessary results of human 
nature. Hence it was thought possible to discover, and that 
jurists had discovered, principles of universal validity from which 
might be deduced a complete code for the law-giver, a complete 


1 Pound, Roscoe, The Spirit of the Common Law, p.90. Quotations in this chapter, 
unless otherwise stated, will be found in this work. 
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constitution for the statesman, and an infallible guide to the 
conscience of the individual. It was thought possible through 
elaborate bills of rights to prescribe universal principles by which 
legislation might be guided for all time.” An empirical truth 
thus became by hypostatization an Aristotelian principle.. 

The factual material, that which was observed, as the physical 
scientist observes the movement of the heavenly bodies, was 
‘human nature.’ Human nature so observed suggested hy- 
potheses or principles which took the name of ‘ natural rights ’ 
which became the foundation for the interpretation of all new 
facts, as Newtonian gravitation became the foundation of all 
physical and astronomical speculations. 

The ‘natural rights’ doctrine, as an ultimate premise, dis- 
covered by observation of human nature, as is well known, is 
fundamental in our own political philosophy. This may be an 
excuse for dwelling on it a little, aside from its purely logical 
aspect. It would be hard to estimate the influence of such a 
principle as that of ‘ natural rights ’ on the thought and actions 
of Anglo-American people. Legal theory has issued from it as 
a foundation, and practice down to within recent times has 
proceeded upon the principle and deductions from it. It has 
been as powerful in its field as has the Newtonian mechanics 
in the field of physical science. 

Many other ‘ ultimate premises,’ in addition to that of natural 
rights as deductions from human nature, have been found for 
legal reasoning, in precisely the same way as other ultimate 
premises have been found in the region of physical science. 
Those of the ‘historical school’ founded by Savigny are ex- 
amples. ‘The historical jurist conceived that a principle of 
human action or of social action was found by human experience 
and gradually developed into and expressed in a rule.” ‘“‘ Both 
the natural rights school and the historical agreed that law was 
found, not made, differing only with respect to what it was that 
was found.” 
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We see the historical school of jurists observing the facts of 
history for an expression of major premises from which to draw 
conclusions as to the nature of the facts, and to afford an in- 
strument for the interpretation of novel facts. It will be noticed 
that both schools, that holding to the doctrine of natural rights 
and that to the facts of history, engage in the process of obser- 
vation as does the physical scientist. The social, political, eco- 
nomic, and moral achievements of the past, open to observation 
as are the facts of nature, furnished the fact material which the 
historical jurist believed would yield hypotheses for the inter- 
pretation of any case that could originate at any future time. 

The positivists, influenced by Darwin, sought mechanical 
social laws ‘‘ whose inevitable operations produced all social, 
political, and jural institutions, as completely apart from human 
will as the motion of the planets.”” They believed that by ob- 
servation of social life mechanical principles could be found, 
analogous to that of natural selection in biology. Such princi- 
ples, they erroneously believed, would stand as major premises 
of all legal reasoning. ‘“ The positivist jurists sought to find 
laws of morals and laws of legal and social evolution analogous 
to gravitation, conservation of energy, and the like, and they 
expected to find these laws through observation and experience.” 
The principles of Darwinian biology were carried over into 
morality and jurisprudence by such thinkers as Herbert Spencer 
who erroneously sought to find principles of morals and law 
through an examination of the mechanical operations of society. 

The above historical summary shows that legal thinkers have 
been led to various ideas as to the origin and nature of the 
fundamental premises of law. Should we go farther back, 
beginning with the Greeks and coming down to Grotius, we 
should find other ideas as to the origin of the fundamental 
premises of law. But what we wish to point out is that juristic 
thinkers always seek a universal premise or set of premises 
analogous to the ‘ laws of nature’ as a foundation for any con- 
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clusion they render. What the premises are is a function of the 
time in which the thinker lives, 7.e., they are always a projection 
of the controlling interests and environmental factors of the 
time. 

It may be said that legal premises are the result of judicial 
interpretation, legislation, constitution-making, and precedent. 
Such premises are not immutable forms contained in twelve 
tables ‘‘ or in a code or in a received corpus juris.” 

Courts are constantly ‘interpreting’ principles in term of 
cases before them. This is one of the chief means of legal 
progress. Legislation is another means by which new material 
is afforded for legal reasoning. Principles are constructed as 
a result of observation of specific conditions, and these principles 
logically are hypotheses to account for, to give order to, and to afford 
a method of dealing with, a given set of conditions. Constitu- 
tions are statements of programs of action and principles of 
interpretation, on the basis of a definite set of facts observed 
in the experience of the framers. They, too, logically are 
hypotheses and are tested as is one in physics and astronomy. 
Like a ‘ law of nature’ it must yield to novel conditions which 
cannot be interpreted in its terms. ‘‘ The doctrine of prec- 
edents means that causes are to be judged by principles reached 
inductively from the judicial experience of the past, not by de- 
duction from rules established arbitrarily by the sovereign will.” 

The method of legal reasoning and the importance of facts 
for it may be seen from a quotation from Pound. “ Before we 
can have sound theories we need facts on which to build them. 
Even after we get sound theories, we shall need facts to enable 
us to apply them. Hard as it is for legislators to ascertain so- 
cial facts, it is even more difficult for courts with the machinery 
which our judicial organization affords. As a general proposi- 
tion, courts have no adequate machinery for getting at the 
facts required for the exercise of their necessary lawmaking 
function. As things are, our courts must decide on the basis 
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of matters of general knowledge and on supposed accepted prin- 
ciples of uniform application. Except as counsel furnish mate- 
rial in their printed arguments, a court has no facilities for ob- 
taining knowledge of social facts comparable to hearings before 
committees, testimony of specialists who have conducted de- 
tailed investigations, and other means of the sort available to 
the legislature.” 

Observation of fact, formulation of an hypothesis or theory 
from them, and testing the hypothesis or theory by bringing it 
in contact with the facts already established — these constitute 
the invariants of thinking. And facts are symbolized by terms, 
the hypothesis by a proposition whose elements are terms and 
relations, and the testing of the hypothesis, the bringing it in 
contact with facts, is symbolized by the various operations that 
may be performed on propositions and their elements. 

(2) What Are Legal Premises For? This question is answered 
when we recall the use of the hypothesis. Legal premises have 
the same use, perform the same functions as any other type. 
There is nothing about them more sacred than about any other. 
They are all instruments fashioned for giving coherence and 
organization, and affording a standpoint, program, or platform 
for the interpretation of facts yet to come. Newton’s laws 
brought order into the facts of the physical universe; and, in 
addition, they became a means of interpreting and explaining 
facts which would be discovered subsequently. So with a 
legal principle. These principles both of science and of law are 
propositions. They are instruments of thinking, machines by 
which we attack the material that sets a new problem; they are 
also elements of thought, portions of the world of knowledge 
which may be analyzed into discrete units. 

In legal reasoning as elsewhere the major premise is not a 
fixed, unyielding thing that facts are fitted into, but major and 
minor develop together. Law or principle and ‘ case’ are con- 
stantly reacting on each other, the case helping to form the 
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principle and the principle helping in the interpretation of the 
case. Law and case stand as theory and fact — each relates to 
the other. ‘‘ The law, indeed, is nothing but the outcome of 
right decisions of past cases. Its value and its validity depend 
upon its success in handling the case. And just as the judge’s 
right decisions of cases make the Common Law, so the scientist’s 
successful predictions make true the ‘law of nature’ used in 
arriving at them.’’! 

Laws in the legal sense as well as in the scientific are fluctuat- 
ing principles for the control of experience. Legal principles, 
like moral ones, are not commands “to act or forbear from 
acting in a given way: (they are tools) for analyzing a special 
situation.” 

“We sometimes hear it stated that the universal adoption 
of the Golden Rule would at once settle all industrial disputes 
and difficulties. But supposing that the principle were accepted 
in good faith by everybody ; it would not at once tell everybody 
just what to do in all the complexities of his relations to others. 

“* Because I am fond of classical music it does not follow that 
I should thrust as much of it as possible on my neighbor. But 
the ‘ Golden Rule’ does furnish us a point of view from which 
to consider acts; it suggests the necessity of considering how our 
acts affect the interests of others as well as our own; it tends 
to prevent partiality of regard; it warns against setting an un- 
due estimate upon a particular consequence of pain or pleasure, 
simply because it happens to affect us.’’? 

Legal principles, like the “‘ Golden Rule,” are points of view 
for considering cases, instruments for the analysis of specific 
problems. 

[There is, however, another side to legal reasoning, or rather 
another point of view from which it may be considered. This 
view is represented by the so-called “‘ analytical ” jurist. His 


1 Schiller, F. C. S., Formal Logic, p. 321. 
2 Dewey and Tufts, Ethics, p. 334. 
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method corresponds to that of the formal logician as opposed 
to the active experimenter — to the product aspect as opposed 
to the process. Legal methodology, as we have treated it in this 
chapter thus far, has been viewed from the thinking aspect — 
precisely how principles are determined and how cases are found 
actually to be cases. But we may attempt to discover the 
‘ ultimates,’ the fundamental legal categories, the axioms of the 
science. The problem then is to deduce from these axioms all 
the implications possible, and to interpret cases in terms of these 
principles. The axioms are clearly defined, the relations ‘ dis- 
played,’ and conclusions follow as from any set of assumed prin- 
ciples. The procedure, in short, is an analysis of propositions 
already established (legal opinions already given) for the purpose 
of determining precisely what it is that is fundamental in them ; 
then the attempt is made to take these fundamentals as instru- 
ments for the interpretation of future cases, and as a means of 
introducing rigor into legal reasoning. 

[Looked at in its formal aspects, law is a chapter in the book of 
relations. Thus the first task of the analytical jurist is to dis- 
cover the fundamental relations in terms of which all legal reason- 
ing may be stated. Such attempts have been made’ to discover 
the “ lowest common denominators ” in terms of which all legal 
problems can be stated, and stated so as to bring out with 
greater distinctness than would otherwise be possible the real 
questions involved.] 

(3) Methods for Determining the Relation between the Prin- 
ciple and the Case. Our third general question touches the 
methods by which the particular (the minor premise) is found to 
be a ‘case’ of the general principle (the major premise). The 
principle, for the purposes of the example, may be that pertain- 
ing to homicide. Let us state it simply in syllogistic form: 


1 Terry, Leading Principles of Anglo-American Law, pp. 84-138; 
Salmond, Jurisprudence, 4th ed., pp. 179-06; 
Hohfeld, Fundamental Legal Conceptions, pp. 4-114. 
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Whoever is guilty of homicide must pay the penalty ; 
John Jones is guilty of homicide ; 
Therefore John Jones must pay the penalty. 


The question which we now wish to discuss is, “‘ What is the 
method by which it is discovered that John Jones is guilty of 
homicide?”” Formal logic deals with the results of thinking, 
but is not interested in the enormous difficulties involved in 
thinking — it does not, for example, concern itself with the 
problem of determining that John Jones is guilty of homicide. 

For the solution of the problem involved here recourse is had 
to evidence. Certain factual material points to, suggests, in- 
dicates that he is guilty. But we may need more facts and these 
are supplied directly and indirectly. A jury, in our legal system, 
becomes the observer of fact material brought in by witnesses. 
As observers they pronounce on the facts. It is their business 
to determine all fact-affairs, and to answer categorically the 
question, “Is John Jones guilty of homicide?” The function 
of the court in the example chosen is to draw the conclusion 
that is necessary, granted that the facts are as the jury delivers. 
The physical scientist is often both jury and judge — he collects 
his facts, renders his judgment on the particular case in hand, 
and, on the basis of that judgment, assimilates it into his scientific 
system. The jury in legal cases observes, 7.e., hears testimony by 
witnesses on both sides of the case, passes on the sufficiency of 
the evidence, and classifies the individual. ‘The judge pronounces 
on the necessary legal (logical) consequences of the classification 
that the jury makes. 

Kinds of Evidence. Evidence is said to be (a) testimonial 
or direct when it is given by those who have had personal knowl- 
edge of the facts. It is said to be (6) circumstantial or indirect 
when given facts suggest the fact to be established. Evidence 
is said to be relevant when it contributes to the proof or disproof 
of the point at issue. 

(a) Testimonial evidence involves three factors: perception, 
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memory, and narration. We have pointed out the serious dif- 
ficulties involved in the first two processes and need not repeat 
them here. A witness may be a poor observer, and especially 
not knowing that he will be called upon for a statement of his 
observations, it is extremely difficult to get an accurate picture 
of the event in question. The event cannot be repeated, the 
conditions cannot be controlled as in an experiment in chem- 
istry ; and recourse must be had to the observation of the wit- 
ness, and allowance be made for defective observation and 
faulty narration. 

For the securing of as reliable testimony as possible the 
witness is examined directly, and afterwards undergoes cross- 
examination. The statements made in the two examinations 
often may be contradictory or may show inconsistencies of 
various kinds. 

An example of the value of the cross-examination is found in 
the celebrated first murder case of A. Lincoln. ‘“‘ The chief wit- 
ness had testified to seeing the murder committed by the prisoner. 
In cross-examination he added a number of details: that the 
shooting was at ten o’clock at night; in beech timber; in 
August; that he could see the pistol and how it hung; that the 
nearest lights were half a mile away, and that he saw it all by 
moonlight. Lincoln showed that the moon did not rise till one 
o’clock in the morning.” 

(6) Circumstantial evidence may be employed either as 
supplementary to direct testimony or as a means of wholly de- 
termining a case. A case involving circumstantial evidence is 
more closely akin to a scientific problem. In such cases we are 
given a more or less definite fact structure which demands ex- 
planation. An hypothesis is projected, and becomes verified 
when alternative hypotheses have been eliminated. In criminal 
cases in which evidence is wholly or in great part circumstantial, 
it is usual for two hypotheses to be projected — one by the prose- 
cution, the other by the defense. One is proved, logically, 
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when the alternative is shown to be false. We often hear of 
circumstantial evidence as a ‘chain’ — the circumstances fit 
together like the links of a chain; they all converge upon the 
central theme. 

In certain types of cases, constantly growing in importance, 
and due largely to the strains and tensions of modern civilization, 
the hypothetical question takes a prominent place. In cases of 
alleged insanity the hypothetical question is one of the chief 
instruments. It generally consists in a statement of facts 
covering the case, agreed to by both sides — the state and the 
defense; this statement is presented to an expert in mental 
disorders, with the question: granted that these are the facts, 
what would be the mental condition of one who acted in ac- 
cordance with them (or believed in their reality, and the like) ? 
The answer is an hypothesis which gives the facts meaning, 
and which may be used for further investigation. Expert 
testimony, as this is called, is part of the fact material which 
the jury observes and which enters as an element in the whole 
which calls forth the verdict. 

Verdicts of juries are only probably true; but like judgments 
in science, they are generally true if the facts are what they are 
taken to be. We noticed in the discussion of scientific theories 
and their relation to fact, that facts are not just given and there, 
but must be found and selected; that scientific theories may be 
adequate on the assumption that the facts from which they 
spring are thus and so, 4.e., as they are thought to be. But 
with a different fact structure we must have a new theory. The 
same is true in legal reasoning — given a definite fact structure 
and definite conclusions follow, but when the facts differ, new 
principles must be developed and “ new trials ” granted. 

We shall have more to say on the reliability of testimony in 
the next chapter. Here we have been interested in it purely 
from the standpoint of the witness in a court trial. But there 
are other fields in which testimony is one of the chief means of 
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reaching facts, especially the field of historical research, to which 
we turn. 
PROBLEMS 


1. How was the discovery made that man has an inalienable right to 
life, liberty, and the pursuit of happiness? 

2. What is the function of precedent in juristic reasoning ? 

3. Distinguish between /aw in the ‘law of the land,’ and in the ‘laws of 
nature.’ 

4. State some differences between a judgment of value and one of exist- 
ence. 

5. State some diffeences between legal and scientific reasoning. 

6. Where do legal premises come from? Give different views of this. 
What have been some ‘ultimate premises’ of law? 

7. Discuss: What the ultimate premises of law are, is a function of the 
time in which the theorist lives. In view of this, do we have and can we hope 
to have legal premises valid for all time and all places? 

8. Point out some connections between principles and facts (law and 
case). 

9g. What are legal principles for? Compare them with the hypothesis 
in exact science. 

10. Read again the quotation from Dewey and Tufts, Ethics, on the 
function of rules in conduct. Select some ‘rule’ and interpret it in the light 
of this quotation. 

iz. Draw an analogy between a court trial and a scientific experiment, 
t.e., for everything in the former try to find a corresponding thing in the 
latter. 

12. To what does cross-examination in a legal case correspond in a scien- 
tific experiment. 

13. In the following ‘cases’ make an analysis of the reasoning, state the 
principles involved in the fewest possible propositions, try to reduce to syllo- 
gistic form. Do the conclusions (verdicts) seem to follow from the facts 
presented? In three or four cases do the following: (a) state what is to 
be proved, (b) evidence in support of the hypothesis or point at issue, stated 
in the order of its weight, (c) assumptions made, z.c., things taken for granted 
without proof (analogous to the axioms of mathematics, as, for example, in 
case (b) it is assumed that if a man is in jail, he cannot possibly be present 
at his home in a different place in order to give arsenic to his wife). In one 
or two cases see if another interpretation of the facts could be made which 
would appear as reasonable as the one given. 

(a) On the trial of two men at Aberdeen autumn circuit, 1824, it ap- 
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peared that a carpenter’s workshop at Aberdeen was broken open on a 
particular night, and some tools carried off, and that on the same night the 
counting-houses of Messrs. Davidson and Messrs. Catto and Co., in differ- 
ent parts of the city, were broken into, and goods and money to a consider- 
able extent stolen. The prisoners were met at seven on the following morn- 
ing in one of the streets of Aberdeen, at a distance from either of the places 
of depredation, by two of the police. Upon seeing the officers they began 
to run; and being pursued and taken there was found in the possession of 
each a considerable quantity of the articles taken from Catto and Co., but 
none of the things taken from the carpenter’s shop or Davidson’s. But in 
Catto and Co.’s warehouse were found a brown coat and other articles got 
from Davidson’s which had not been there the preceding evening when the 
shop was locked up; and in Davidson’s were found the tools which had been 
abstracted from the carpenter’s. Thus, the recent possession of the articles 
stolen from Catto and Co.’s proves that the prisoners were the depredators 
in that warehouse; while the fact of the articles taken from Davidson’s 
having been left there, connected them with that prior housebreaking; and 
again, the chisels belonging to the carpenter’s shop, found in Davidson’s, 
identified the persons who broke into that last house with those who com- 
mitted the original theft at the carpenter’s. The prisoners were convicted 
of all the thefts. (Wigmore, No. 17, p. 72.) 

(b) A striking example of the way in which the scientific evidence may 
succeed in establishing the innocence of a person accused of murder, is seen 
in the following case, which was tried in 1835: A woman who had a violent 
disposition and was subject to attacks of hysteria, accused her husband of 
having attempted to poison her, and in proof of her charge produced a white 
powder, which, as she alleged, he had put into her food. The powder was 
found to be white arsenic, and the food on examination was found to contain 
a fatal quantity of that poison. The husband was therefore immediately 
arrested and kept in prison pending the investigation. The woman was per- 
fectly well for eight days, but on the ninth day became very violent, and did 
many eccentric things, and on the ninth day she died. Examination of the 
body showed that arsenic had been the cause of death. Her husband denied 
that he had ever put any arsenic into her food. But had it not been for the 
scientific evidence he would probably have been unable to prove that he 
was innocent. Undoubtedly he owed his escape to his having been in prison 
for the eight days between the accusation brought by his wife and her death, 
for the medical witnesses proved that it was not possible for him to have 
given the dose of arsenic which caused the death of the woman, since the 
effects of arsenic could not have remained latent in the system for that 
length of time. Circumstances, therefore, indicated that the woman had 
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committed suicide. On the strength of this evidence the prisoner was imme- 
diately set at liberty. (Wigmore No. 72, p. 164.) 

(c) On December 29, 1876, a terrible disaster occurred at Ashtabula, 
Ohio, on the Lake Shore Railroad. The train fell through a bridge, and as 
the cars immediately caught fire, and a large number of the passengers were 
burned, the most of the bodies were so charred as to prevent recognition. 
Shortly after this accident, Mrs. Webber, who is a poor woman with two 
children, appeared in the office of a lawyer, in Rochester, N. Y., and stating 
that she had every reason to believe that her husband had been killed in 
that disaster, requested him to commence a suit against the railroad com- 
pany on her behalf. The evidence which she offered to introduce in proof 
of her husband’s sad fate was only of a circumstantial nature, as nothing 
was ever found of the body, which was supposed to have been consumed in 
the flames. She had been to Ashtabula, and in the débris of the wrecked 
train she had found a bunch of keys which she positively recognized as those 
having been in the possession of her husband. One of these keys, in further 
proof, she had ascertained exactly fitted the clock in her house, and an 
Auburn man was ready to swear that he had made such a key for the de- 
ceased. Another key fitted a chest which she had in her possession, while 
still another of the keys fitted the lock on the door. But the strongest proof 
of all which she had discovered was a piece of cloth which she had recognized 
as having been part of her dead husband’s coat. The proof by no means 
stopped here, however. A physician of Rochester, who knew Mr. Webber, 
testified that he rode to Buffalo on the same train with the deceased on the 
fatal 29th of December; while another gentleman testified to seeing the 
deceased take the train at Buffalo which went to ruin at Ashtabula. With 
this all but positive proof that the husband was among the victims of the 
disaster, the suit was commenced, the funds enabling her to carry it on being 
supplied by a kind-hearted gentleman. When the railroad company’s 
attorneys were confronted with the proofs of the plaintiff’s case, they ad- 
vised a settlement with her for $4000. But she wanted $5000, or nothing, 
and the company’s lawyers concluded to let the matter go before the courts. 
The investigations concerning the fate of the husband were continued, and it 
was ascertained that he had been sent by Gen. Martindale, his former supe- 
rior officer in the army, to the Pension Home in Wisconsin, several days pre- 
vious to the Ashtabula disaster, and this fact soon brought to light the very 
important disclosure that a man of his name, answering his description 
exactly, and who stated that he had a wife and two children in Rochester, 
was still alive and safe in that institution, and that he was not near Ashta- 
bula at the time of the disaster. The case isa most remarkable one, however, 
from the fact that no person doubted the truthfulness of the witnesses whose 
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evidence formed the basis on which the suit was commenced. (Wigmore, 
No. 19, p- 73-) 

(d) No more extraordinary instance of a single circumstance leading to 
the detection of a criminal can be offered than in what was known as the 
““Varmouth Murder.” 

On September 23, 1900, a woman was found lying dead upon the beach 
at Yarmouth, and from the appearance of the body she had evidently been 
strangled. On her fingers were some rings, but with the exception of the 
laundry mark upon her clothes, there was no clew by which she could possi- 
bly be identified. She had been staying for some days in lodgings in the 
town, and was known to her landlady as Mrs. Hood. While she was there 
letters bearing a Woolwich postmark had come addressed to her by that 
name. Only a day or two before her death she had had her photograph 
taken upon the beach. All investigation to discover who the woman really 
was or to trace her murderer proved unavailing, and at the coroner’s in- 
quest a verdict was brought in of willful murder against some person un- 
known. Subsequently it was discovered that the Jawndry mark upon the 
dead woman’s clothes, 599, was that put by a laundry upon the clothes sent 
to them from a particular house in Bexley Heath. Further inquiry showed 
that a woman named Bennett had formerly lived there, and she was identi- 
fied as the original of the photograph that had been taken at Yarmouth. 
This led, early in November, to the arrest of the dead woman’s husband 
Bennett, who was a workman in Woolwich Arsenal, and he was committed 
for trial on the charge of murder. He denied all knowledge of the crime and 
asserted that he had never been to Yarmouth. This was disproved, how- 
ever, by collateral evidence, and many facts were brought forward connecting 
the prisoner with the murder. The motive alleged for the crime was that 
Bennett might be free to marry another woman. The date of the wedding 
had been fixed, and it was shown that his behavior after the night of the 
murder pointed to his having a knowledge of his wife’s death. So convinc- 
ing was the whole of the circumstantial evidence, that after a short delibera- 
tion the jury brought in a verdict of “Guilty,” and Bennett was executed. 
(Wigmore). 

What was “the single circumstance”? 

Evidence against husband ? 

1. Motive 
2. Lied about having been in Yarmouth 
3. Knew about wife’s death. 

Does this seem sufficient? Apparently there was other evidence. Illus- 

tration given to show importance of a single clew. 
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TOLEDO, ST. LOUIS & KANSAS CITY R. CO. vs. CLARK 


(e) Opinion of the Court, Pleasants, P. J., Appellee, recovered judgment 
below on a verdict for 1000 dollars damages for the loss of his right foot, 
charged to have been caused by the negligence of appellee. He was a single 
man, thirty-one years of age, residing six miles west of the city of Charles- 
ton. He went to the city on the morning of Dec. 10, 1890, and spent the 
day there. About nine o’clock in the evening, on his way to take the train 
for home, while passing over the track of appellant of the sidewalk of Rail- 
road street, an engine, coming from the shops, in charge of an assistant 
holster as engineer and man who worked about the shops as fireman, ran 
upon him and crushed his foot which had to be amputated. He was going 
by the usual route from the public square to the depot. The street runs 
east and west, parallel with the track of the L. & St. L. Ry. and nearly paral- 
lel with that of appellant, which runs northeast and southwest, crossing the 
former at a point east of the place of the accident, variously stated by the 
witness at eighty to a hundred and thirty feet, and the south sidewalk, diag- 
onally, atasmall angle. Appellee was walking west, carrying two bundles. 
His statement is, that when a few steps from the crossing he looked north 
and saw the engine, then about at the crossing of the L. & St. L. track, and 
supposing it was moving on that track, did not look to see it again until, 
walking on, his foot was caught and held, beyond his power to extricate 
it, in a hole between appellant’s south rail and the planking on the north 
side. The engine was moving without any headlight, at a rate of four to 
five miles an hour. Appellee says he heard no bell, or any other warning of 
it. He thinks his foot went into the hole six inches. He stated that he had 
passed over the crossing a hundred times, probably, but never noticed it 
particularly, or that there was anything wrong about it; that if he had seen 
the hole, he could easily have stepped over it, and that if he had not stepped 
into it, he would have passed the crossing in ample time to avoid the collision. 
On behalf of the defense it was claimed and evidence offered tending to prove 
that the bell was ringing; that the engine was moving, for some distance 
before it reached the sidewalk, so nearly alongside of him that if he had 
turned his eyes north he must have seen the situation; that he was intoxi- 
cated at the time, and stupidly stepped on the crossing immediately before 
the collision; that the flangeway, into which he said he put his foot, was 
only three inches or less in width; that his shoe, on the trial, measured 
four; and that when the accident occurred he was wearing overshoes. 

As to each of these claims, except the last two — the measurement of his 
shoe, and the fact that he also wore overshoes — there was evidence to the 
contrary. Elijah Sewell, a resident of Charleston, familiar with the crossing, 
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and in the employ of the company as brakeman and switchman, speaking 
of the space between the rail and the plank, says: ‘The plank lays kind o’ 
wedge fashioned with the rail, which made it five or six inches at the south 
end and about three at the north”; and that he made the experiment and 
found that his foot would slip in there. Madigan, the roadmaster, says the 
rail on the south side was two and a half or three inches from the plank, but 
varied a little where the plank was worn from the flange of the wheel. It 
appears, also, that there was a switch stand a few feet from the south end, 
and movable rails laid in the walk. Madigan says: “The two rails, I 
think, extend into the walk, probably a foot or so from the north side, and 
the movable rail from the south comes across the walk to meet that. The 
switch stand is at the south side of the walk. These rails are moved by the 
switch stand, back and forth across the sidewalk, and then the rails are 
moved to the south, so as to connect with the Y; it would leave a space on 
the north side of the south rail of six or seven inches.” 

Two undisputed facts, which may have turned the scale in the mind of 
the jury, were that the plaintiff was on the track and only his foot was in- 
jured. The wheel that crushed it was running on the south rail — the one 
he would have passed first — and it is not easy to account for his injury, 
except upon his own statement, that finding his foot fast, he threw his body 
backward and outward from the track. A man stupefied by liquor to the 
extent it is claimed he was, usually leans or lunges forward; and had he got 
so far as the south rail when the engine struck him, it seems most probable 
that his body would have fallen between the rails, and, if his foot had not, 
in fact, been fast, that the falling of his body outward, before the collision, 
would have cleared it also. A further and fair inference would be that his 
injury was caused by the catching of his foot, and not by his attempt to 
cross the track, which would have been accomplished in a moment. The 
jury might well consider this froglike arrangement of a movable rail, on a 
city sidewalk, faulty construction, and the leaving a space between the fixed 
rail and the planking, sufficient to catch and hold a foot, culpable negligence. 

We see no material error in any ruling of the court. The judgment 
must therefore be affirmed. (Wigmore.) 

This case shows how circumstantial evidence may partly favor each side. 
Preponderance of evidence must decide. 


THE SELF-SACRIFICING BROTHER’S CASE 


(f) Years ago (said one of the well-known members of the Louisville 
Bar), I was called on to defend a man of nearly middle age, who was accused 
of having stabbed a man in a quarrel on the street. Imagine my astonish- 
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ment when at the first consultation he told me these facts: ‘Yesterday 
afternoon,” said he, ‘‘about dusk, my brother, who resembles me somewhat, 
was crossing the street, when he met a stranger coming the other way. The 
crossing was muddy, the stranger jostled him, and a quarrel ensued that 
developed into a fight, in which my brother who had his pen-knife in his 
hand, stabbed his opponent several times, and then ran away as a police- 
man and several citizens came up. After we all were in bed last night, 
the officers came to the house after the assailant; and much to my surprise, 
the warrant was made out against me. My brother is a man of dissipated 
habits, who has several times been in trouble; and if this case is pressed 
against him, I am afraid he will be sent to prison. On the other hand, I 
am a law-abiding citizen, and can prove an excellent character. Now, what 
I propose to do is to stand trial on this charge, plead not guilty, prove an 
alibi, as I can — prove my character, and take the consequences. If I am 
convicted, I may get off with a fine, and I am willing to pay that to keep my 
brother out of prison.”’ I tried to persuade my client out of such a romantic 
proceeding; but he was determined, and in order to do him justice in the 
defense, I obtained the assistance of another lawyer who did not know the 
facts, and would act in the defense as if our client were guilty. Well, the 
case came up. My client was identified by the man who was stabbed and 
by the policeman and other disinterested parties who had witnessed the 
fight in the semi-darkness and were sure of their man, as they thought. 
My client swore that he did not commit the assault, but that he was at home 
on the time when it occurred; and his family swore to that fact. Then sev- 
eral leading members of the church testified as to his good character. But 
the jury found him guilty and fined him fifty dollars. He paid it without a 
murmur, and the record of his conviction stands in the orders of the court. 
All through the trial my client’s guilty brother sat by his side in the court 
and heard the testimony without flinching. I asked him what he would 
have done if his self-sacrificing brother had been sentenced to the peniten- 
tiary. ‘‘I intended in that event,” said he, ‘‘to get up in court and ac- 
knowledge my own guilt.” 

The other lawyer was thunderstruck after the trial, when I told him the 
facts. He refused to believe it, and said the evidence was sufficient to con- 
vict any man who lived. Only the proof of good character saved the accused 
from a severe sentence to the state prison. (Wigmore, No. 97, p. 194.) 

14. What objection, if any, do you find to the following method of deter- 
mining the factsinacase? (This is the old English method.) The accused 
swore as follows: ‘‘By the Lord, I am guiltless in both deed and counsel of 
the charge of which N. accuses me.’”’ Then the accused brought forward a 
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number of ‘compurgators’ (persons willing to swear for him) who took the 
following oath: ‘By the Lord, the oath is clear and unperjured which N. 
has sworn.” (Stephen, History of the Criminal Law in England, Vol. III. 


Pp. 240.) 
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CHAPTER XXIV 


HISTORICAL METHOD 


THE closing decades of the nineteenth century marked the 
development of a method for handling documents. A little 
thought will reveal the enormous importance of documents in 
the life of a people; for in them are contained the records of 
the reactions to forces of various kinds, the solution of problems, 
the moral and religious ideas, and the political aspirations. 
They are the chief instruments of social heredity; it is through 
them that we come in contact with the experience of the past, 
and are able to utilize that material for purposes of present and 
future behavior. 

When we reflect that our ideals are determined largely by the 
past, that our standards of behavior have in general already 
been set, that our forms of thought and speech are quite well 
defined — in short, that we live largely by the past, we begin to 
realize that a method for investigating the material that exer- 
cises this influence is extremely important and significant. 

The logic of it is relatively simple, the details numerous and 
technical. Our purpose is to give in summary fashion the logic 
of historical method. The methods of research here are simi- 
lar to those in any other field. Logic is one science, not many, 
although it applies to various regions. Each science has its 
peculiar methodology, its variation in details, but all follow the 
beaten paths of observation, formation of the hypothesis, and 
verification of the same. Some sciences offer peculiar difficul- 
ties in one of these steps, others in another. Legal and histori- 
cal science, for example, involve difficulties in both observation 
and verification. 
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History as a Science. It is not our purpose to appraise the 
various conceptions as to the nature, purpose, and function of 
history. We can only consider it provided it is scientific. Fre- 
quently it seems not to be scientific, but to partake of the nature 
of propaganda. “‘ The historian has been too much the ally 
of the politician; he has used his material for preaching democ- 
racy in the United States, absolutism in Prussia, orleanist in 
France: in the century to come he will have to ally himself 
with the student of physical science, with those whose methods 
his own has so much in common. It is not patriotism, nor 
religion, nor art, but the attainment of truth that is and must 
be the historian’s single aim.” ! 

Propaganda is not scientific either in motive or in method. 
It aims to appeal to the feelings, not to the intellect; and its 
methods may be the prejudiced enumeration of instances or 
biased interpretation of facts and pseudo facts. The historian’s 
‘‘ business is to find out what can be known about the characters 
and situations with which he is engaged, to put what he can as- 
certain before his readers in a clear form, and lastly to consider 
and attempt to ascertain what scientific use can be made of 
these facts he has ascertained.” 

History, to be a science, must employ the method of science, 
for it is method and not material that makes a science. Some 
material may not yield to scientific method, and, if this is so, 
that material is not the subject matter of science but of some- 
thing else. While it may not be possible to reduce history to 
a series of statistics, as Bordeau thought could be done, it is 
possible to employ statistical methods in certain problems of 
history, and to employ other scientific technique in all its 
problems. 

The judgments of the historian are only probably true, like 
the judgments of the jurist. So many factors enter that it is 


1 Langlois and Signobos, Introduction to the Study of History. Note to the Reader, 
XI. Quotations in this chapter, unless otherwise noted, are taken from this work. 
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difficult if not impossible often to state the degree of probability 
warranted by the facts. 

Steps in Historical Research. The first step in historical 
research is the search for documents, these being the material 
with which the historian deals. Second, are the analytical 
operations of which there are two kinds, namely, external criti- 
cism and internal criticism. The third step comprises the 
synthetic operations which include the organization of facts, 
the filling by reasoning of gaps in the facts, and the construc- 
tion of methods or means of describing and stating facts. 

It will be observed that the three steps above embrace the 
methods by which facts are discovered, organized, and stated. 
There is left another step to be taken, namely, the meaning of 
the facts so discovered, organized, and stated. The historian 
may believe his job is done when the three steps are taken, but 
some one must take the fourth step if history is to be more than 
a set of facts given in some order according to established for- 
mule. It will be recalled that a ‘ Baconian induction’ was 
thought to occur when facts were left to speak for themselves. 
But, as has been pointed out, the barrenness of facts must be 
clothed with the royal purple of a vivid imagination. It is the 
fourth step that suggests this necessity —a step that the his- 
torian need not take, but that some one must. 

The historian may properly consider his task as that of the 
discovery of fact only. His position here is different in some 
respects from that of the physical scientist who begins with 
some facts, and, by discovering others, he builds a theory; 
while the historian may have as his sole aim the discovery of 
facts, beginning with documents as material. Stated some- 
what loosely, the goal of the physical scientist is theory from 
facts; that of the historian is facts from documents.! The his- 


1Tn such a work as McMaster’s History of the People of the United States, we 
find mostly facts and little interpretation; while in the Chronicles of American 
Series we see much faulty interpretation and some misstatements of fact. See, e.g., 
Vols. XXIX and XXX by N. W. Stephenson. 
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torian, in the organization of his facts, 7.e., in the synthetic 
aspect of his problem, must do some interpretation. To select 
and organize facts in history as well as in any department of 
interest is to interpret them and evaluate them, at least to 
some extent. 

In the further development of historical methodology we 
shall follow the steps mentioned above in their order. 

Search for Documents. Documents are defined as “ traces 
which have been left by the thoughts and actions of men in 
former times.” They are the material upon which the his- 
torian works, and without them there is no history in the scien- 
tific sense. Consequently, when a question is to be investi- 
gated, the first point to be considered is the documents — where 
are they, if any. Historical scholarship progresses in direct pro- 
portion to the means of research at the disposal of the scholar. 
Many false problems, analogous to the windmills of Don Quixote, 
have been raised and ‘ solved’ because the author had no ma- 
terial for his problem. Like the Greek scientific speculator, he 
had nothing to check the fertility of his own imagination. 

Documents, especially those dealing with ancient history, 
are kept chiefly in public institutions, as museums and libraries. 
Reports of various kinds, copies of all copyrighted books, etc., 
are found in our Congressional Library. Universities in our 
country are rapidly coming to be the depositories of most of 
the historical documents of interest to us. The business of 
logic, however, is not to give information as to where material 
may be found, but to point out the importance of this step in 
the methodology of historical research. 

The Analytical Operations. As I have pointed out, the 
historian may regard the main portion of his task as the dis- 
covery of facts. In this case the document is his starting- 
point, the fact his goal. Analytic operations are those which 
occur between the possession and observation of a document 
and the fact that this document is a trace of. This part of 
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historical methodology is called Criticism, and the search for 
documents Heuristic. Given a document, the purpose of 
Criticism or Analysis is to ‘‘ revive in imagination the whole 
series of acts performed by the author of the document which 
begins with the facts observed by himself and ends with the 
manuscript, in order to arrive at the original event.” 

Criticism or Analytical operations are of two kinds, (a) Ex- 
ternal Criticism and (6) Internal Criticism. 

(a) External Criticism. External Criticism is directed to 
the form, source, writing, and language of the document. It is 
a critical study of the thing before the observer. 

One of the first questions that occurs to one engaged in the 
study of a document is as to its accuracy, 7.e., if it is a copy, is 
it an accurate copy? Most documents are copies — books, 
for example, are copies of manuscripts. Anyone who has had 
experience in dealing with “ proofs”’ knows the difficulty in 
getting accurate copies of manuscripts. In any copy there are 
doubtless errors due to a number of sources such as printer’s 
errors, falsification due to prejudice, and the like. When copies 
were made by the laborious process of transcribing, the liability 
to error was greatly increased —lack of attention, lack of 
knowledge of what was transcribed and the tendency to remedy 
this by copying something that the copyist did understand, 
leaving out lines, — and many others.’ 

The business of the investigator is to produce a critical text, 
1.€., a copy standardized by the rules of investigation. An in- 
vestigator is acquainted with the ‘ traditional variants,’ those 
common factors which operate in the degeneration of a manu- 
script as it passes through various copies, and is on the alert 
for them. They are changes due to fraud or to error. When 
fraud or error is discovered, it is necessary that corrections be 
made so that a genuine text is produced. Just how such cor- 
rections are made is too detailed for our purposes. 

1 See Langlois and Signobos, Introduction to the Study of History, Sec. 1, Ch. ITI. 
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The authorship of the document is another important matter 
to be determined. It is valuable because it is by knowing the 
author that we can judge as to the reliability of the witness. 
Does the author know what he is talking about? Is he com- 
petent to testify in the case? Where does the document come 
from? When? These are questions that need to be answered 
before we give much weight to the material in the document, 
or use it for the formulation of principles or theories. 

Modern documents, as a rule, contain precise information as 
to authorship. The name of the author is signed to the manu- 
script or is printed on the work. But this is not the rule in 
ancient documents or even of those not so ancient. For ex- 
ample, many paintings have been sold as those of Leonardo, 
which he never saw or dreamed of. 

There are various means of determining authorship. One 
of these is by examining the handwriting of the document. 
The style of handwriting changes, and if we are given a docu- 
ment of handwriting style of 1500, even though purporting to 
be of 1100, we know it cannot be of the earlier date. ‘“‘ Saint 
Bonaventura was born in 1221; if poems attributed to him 
were contained in manuscripts executed in the eleventh century, 
we have in this circumstance an excellent proof that the attri- 
bution is ill-founded: no document of which there exists a 
copy in eleventh-century handwriting can be posterior in date 
to the eleventh century.” 

Another way of determining authorship is by an examination 
of the language. Language has its style— new words come 
in, old ones drop out, and some phrases are common now, which 
will drop out later. If a speech supposed to be delivered by 
George Washington to the soldiers of the revolution contained 
such terms as “ pep,” “ camouflage,”’ “ kick,” and “ jazz,” we 
could be sure that no such speech was made by our national 
hero. The examination of the language used in documents 
has been one of the chief means of showing spurious authorship 
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of many famous documents, such, for example, as the celebrated 
“Donation of Constantine,” and some of the books of sacred 
literature. 

The facts which documents mention are also means of de- 
termining authorship. If allusions are made which refer to 
matters that could only have meaning in a later time than that 
of the supposed author, we have legitimate grounds for ques- 
tioning authorship. For example, Washington could not be 
the author of any opinions on the Monroe Doctrine. But many 
forgeries have been found because of ignorance of the temporal 
connection between the facts the author alludes to or suggests. 

Often it is important to know the parts contributed by differ- 
ent authors when the document is continuous, such as many 
of the chronicles of the middle ages. Often, too, works by 
different authors pass as the work of a single author. Many 
documents in sacred literature have been found to be the work of 
several authors when commonly they have been attributed to 
one, such as that of Moses. 

The method of arriving at a conclusion in a case of this kind 
is to propose questions such as ‘ Is the same style found through- 
out?’ ‘Is the same spirit present, the same type of ideas, the 
same variety of imagery?’ Every writer has a personality 
which is expressed in the document. The continuity of person- 
ality is the best evidence of the singleness of authorship. 

A part of the task of analysis is to discover as far as possible 
the sources which authors made use of in the framing of their 
work. Authors often make use of materials without the formal- 
ity of giving credit for it. That is, they copy without saying 
so. ‘¢ When the author of one (document) has copied directly 
from the other, the filtration is generally easy to establish; the 
plagiarist, whether he abridges or expands, nearly always be- 
trays himself sooner or later.” 

By repeated comparisons of documents it is possible to con- 
clude as to the relationship between the documents in question. 
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“Modern scholars have recently constructed, by the use of 
this method, precise genealogies of the utmost solidity.” 

Some Values of External Criticism. The chief aim of ex- 
ternal criticism is to get rid of false or spurious documents. 
Recalling the remarks at the beginning of the chapter on the 
importance and influence of documents in our everyday life, 
we begin to realize how important it is that these instruments 
be attested by all the means at our command. False theories 
arise, misguided ideals develop, and unfortunate rules result 
from the uncritical acceptance of documents, especially when 
these are political or moral in nature. 

Historians, of course, are saved numerous blunders. When 
a history is written on sources that turn out to be spurious, the 
author is discredited — he is no longer an authority. 

It is well to point out that criticism may be carried too far. 
“Tt is an abuse of the methods of this species of criticism to 
apply them, as has been done, indiscriminately, for the mere 
pleasure of it. The bunglers who have used. this species of 
criticism to brand as spurious perfectly genuine documents, 
such as the writings of Hroswitha, the Ligurinus, and the bull 
Unam Sanctam, or to establish imaginary filtrations between 
certain annals, on the strength of superficial indications, would 
have discredited criticism before now if that had been possible.” 

(0) Internal Criticism. Internal Criticism is directed to 
the psychological aspects of a document. The questions here 
are those which have to do with the mental operations of the 
author. The author must observe, collect material, formulate 
sentences, and write them. In any one of these distinct operations 
he may commit errors. Observation, as has been pointed out, 
is subject to numerous dangers; the collection or selection of 
material always involves personal likings and prejudices; the 
formulation of sentences is not an easy task, especially when 
peculiar shades of meaning are contemplated; and the writing 
them after they are formed involves the danger of omitting 
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words, writing the wrong one, etc. We all know the tendency 
to skip words in writing, or to use the first letter of the next word 
in the present one. When documents were produced by hand, 
these errors were more common than at this time when proofs 
are read and checked. 

Ordinarily, the tendency in reading a document is to read 
our own ideas into it. We magnify the points of the author 
which agree with our own notions, and the result is that we form 
an imaginary text which takes the place of the one of the author. 
The purpose of internal criticism is to find out what the author 
meant, not to study over our ideas. “A man thinks he is 
contemplating an object, and it is his own idea that he is con- 
templating. He thinks he is reading a text, and the words of 
the text take a particular meaning to suit a ready-made opin- 
ion.” Thus, before we may use a document as a fact for the 
building of an hypothesis, we must analyze the contents to find 
actually what the author of the document meant. 

Such analysis is sometimes called interpretative criticism. 
We must determine both the literal meaning and the real mean- 
ing. Since words change as to meaning, it is essential that we 
possess knowledge of the language of the time of the document 
and of the particular locality of the document. 

Often jokes, hoaxes, and other oblique expressions are found, 
and it is difficult to separate the jokes, etc., from the serious 
parts of the author’s thoughts. For example, the dialogues of 
Plato abound in allegorical material, and it is very difficult to 
know what is allegorical and what the real intentions of the 
author. Much of Biblical criticism has been directed to the 
separation of allegorical material from the real thoughts and 
opinions of the authors. 

Internal criticism is interested in the accuracy and reliability 
of the author. Our own experience teaches us that we do not 
always relate things as we saw or heard them. The way we 
relate them is the way we wish them presented and not the 
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way they occurred. Sad as it may seem authors may falsify 
intentionally and may be deceived most easily. Hence, it is 
a good plan not to swallow all that is found in print, although 
that seems the natural thing to do. 

Analysis of the document is essential, it must be broken into 
parts which are to be investigated separately. ‘‘ The criticism 
of a document is not to be performed en bloc.” The detailed 
rules for investigations of the kind are too numerous for our 
purposes, and the student is referred to some of the works cited 
at the end of the chapter. We may point out, however, that in 
testing the good faith of an author we must know whether he 
expected any personal advantages, whether he was so situated 
that he almost had to violate the truth, whether he was a parti- 
san, whether egotistical and vain, whether he desired to please 
the public, and whether he wished to ‘ show off’ his literary 
abilities and hence distorted the facts. The above suggestions 
apply to the psychological aspects of the author. All the diffi- 
culties of observation from the physical standpoint should be 
canvassed — whether the author actually could observe what 
he said he did. 

Other difficulties arise when the author is not the original 
observer but is using second-hand statements. All the diffi- 
culties discovered by the ‘rumor test’ earlier mentioned are 
present. Legends are extremely difficult to handle. 

We said earlier that the goal of criticism is fact. When we 
observe an eclipse or any other phenomenon, there is no doubt 
about the fact that we observed it. The strongest argument 
that can be given for having the toothache is that the tooth 
hurts. But all observation is not so immediate — past facts, 
for example. Hence some standards must be set up for dealing 
with past facts. Was it of such a nature as to render its false- 
hood improbable? Was it of such kind as to render error im- 
probable, as a custom, a war, etc.? Was it such that it could 
not have been related unless true? ‘“ A fact which seems very 
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improbable to the man who relates it has a good chance of 
being true.” 

Synthetic Operations. The third step in historical meth- 
odology is synthesis, the organization of facts into consistent 
systems and classes. Classification, it will be recalled, is of 
fundamental importance in all logical undertakings. Facts, 
as bare facts, are of little value until they are classed in appro- 
priate categories. Historical facts, like those in other depart- 
ments, are of various kinds. They must be sorted and grouped 
in their appropriate classes. “It is necessary to know what it 
is that constitutes a species of historical facts,” as it is to know 
what constitutes one in biology or physics. 

Hence, one of the first steps in historical synthesis is to find a 
principle to guide in the classification of facts. The ancient 
historian used the principle of t#me and place — every event 
happens at some time and in some place; hence date and geog- 
raphy became the accepted categories of the early historian. 

The precise method of arranging facts in sub-classes under the 
two general classes of time and place was a matter for the in- 
dividual historian —no definite method was devised. This 
accounts for the fact that ‘‘ Livy and Tacitus mingle accounts 
of floods, epidemics, and the birth of monsters with their narra- 
tives of wars and revolution.” 

Facts may also be classified according to their intrinsic nature. 
Religion, morality, art, philosophy, literature, or mathematics 
may be the subject of historical treatment. Then, of course, 
facts are sorted on the basis of their relevancy in the develop- 
ment of the subject in hand. Combining the intrinsic nature 
of the facts with the time-place categories, we arrive at a 
more adequate system of classification — we have, for example, 
the history of American literature during the nineteenth cen- 
tury, or the history of Greek mathematics, etc. We have here 
combined the chronological, the geographical, and the logical 
orders of arrangement. 
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But it happens in synthetic reasoning that the facts often 
are not all in, that there are numerous gaps after the most care- 
ful search and critical analysis. The situation is not unlike that 
confronting the biologist and paleontologist in the question of 
‘missing links.’ What is to be done in such a situation, when 
the documents fail to answer questions? This difficulty raises 
the question of the place of inference in historical construction. 
“ Starting from facts known to us from documents, we endeavor 
to reach new facts by inference.” Historians recognize this 
process as one of the most difficult and one which has led to 
numerous errors. Hence, a set of rules, analogous to the rules 
of the syllogism or of classification, have been formulated to 
guide the inferential process from fact to fact. They are not 
rules by which inferences are drawn, but rather are cautions. 
Inferential rules belong to the general field of logic, while such 
cautions as those under discussion are applicable to a particular 
methodology.' 

Reasoning from fact to fact takes two forms, namely, positive 
and negative. The former is analogical, the assumption being 
the likeness ‘‘ between present and past humanity.” This 
assumption is a statement of the principle of the ‘ uniformity 
of nature,’ modified to meet the conditions of historical method. 
This assumption that “ past similar facts were connected in a 
similar manner,” which stands as the foundation of inference 
in this field, is verified and corroborated by experience in the 
physical sciences. 

The negative form of reasoning from fact to fact is often called 
the “argument from silence.” Because a fact is not men- 
tioned in any document the conclusion is drawn that there was 
no fact of the kind. There are obvious dangers in the method 
of inference such as the fact that the documient relating the 
fact may have been lost. The fact also should be of a kind 


1 For a statement and discussion of these rules, see Langlois and Signobos, ibid., 
p. 252, 
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that it could not fail to be observed. Many commonplace 
occurrences are not recorded because they are so commonplace 
— they are taken for granted. Many facts have been sup- 
pressed by authority: ‘This is what happens in the secret 
acts of governments and in the complaints of the lower classes. 
This silence, which proves nothing, greatly impresses the un- 
reflecting historians; it is the origin of the widespread sophism 
of the ‘ good old times.’ ” 

The last of the usual synthetic operations is that of construct- 
ing general formule for the expression and description of facts. 
This process is like that of developing classes for the organiza- 
tion of material. In the physical sciences there are numerous 
forms of expression, some taking the form of equations, as the 
‘law of falling bodies,’ which are used generally as a description 
of, or method of discussing, many separate instances. The 
particular instance is merged in the general formula or law. 
Historical sciences are confronted with the difficulty of having 
too many facts, apparently unrelated, and that it is almost 
impossible to find adequate expressions to cover them. Any 
fact of history is theoretically at least as important as any other, 
but choice must be made; and a method devised for condensing 
them into descriptive formule, both quantitative and qualita- 
tive. The details of the method of construction of formule 
are not logically important; for logic the important feature is 
the necessity for scientific purposes of formule, and their 
place in the organization and description of discrete material. 

The final step in historical methodology is the determination 
of the meaning of facts which have been discovered, organized, 
and stated. As has been remarked, the historian may not 
consider this a part of his task; he may be satisfied when facts 
have been systematically stated. 

Synthesis carried a little further includes the step we are now 
discussing — the organization of facts and classes of facts into 
a unity or what we may call a system. We shall not treat this 
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in detail here, but leave it as a part of the general problem of 
the formation of systems, which we discuss in the next chapter. 


PROBLEMS 


1. What would be some conditions that must be fulfilled for history 
to become a science? 

2. State the steps in historical inquiry. How do they compare with 
the steps in the solution of a problem in physics? 

3. What is the purpose of criticism? What is the meaning of ‘tradi- 
tional variants’ in historical inquiry? 

4. Why is it essential to know the author of a document? Why, in 
legal cases, are the first questions directed to the name, residence, occupa- 
tion, etc., of the witness? 

5. State three or four means of determining the authorship of a docu- 
ment. 

6. What is the province of Internal Criticism? 

7. What methods of classification have generally been employed by 
historians? Can you think of any other method for classifying historical 
facts? 

8. Analyze the following arguments directed towards the determina- 
tion of the authorship of the play Henry VIII. Do they seem to establish 
the contention? What other points might be tested for in the determina- 
tion of joint authorship ? 

This play was assigned by the editors who first published it to Shak- 
spere; but recent critics tend to divide it between Shakspere and Fletcher. 
The evidence for the division that they make is found partly in the form of 
the verse. Fletcher was very fond of lines ending with an extra, unaccented 
syllable; Shakspere was not. Fletcher generally made his phrases and 
sentences end at the end of a line; Shakspere not so often. Quite recently 
Professor Ashley Thorndike has discovered another test by which he con- 
firms the divisions made on such grounds as these. He has noticed that, in 
the works about whose authorship there is no doubt, Fletcher almost always 
contracts the word ‘them’ to ‘’em,’ using the latter fourteen or fifteen times 
as often as the former, while Shakspere uses ‘’em’ rarely and ‘them’ fre- 
quently; and he finds that the use of these words in each part of the play 
agrees with that of the author to whom the part is assigned. (A.) 

9. There are two views as to the origin and nature of the Old Testament. 
The first is the traditional or orthodox view, accepted by orthodox Jews, 
Mohammedans, and most of the Christian churches — a view reaffirmed at 
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the Council of Trent in 1564, which pronounced, among other doctrines, 
that ‘‘The sacred and holy cecumenical and general Synod of Trent, lawfully 
assembled in the Holy Ghost . . . reveres and venerates with equal affec- 
tion of piety all the books both of the Old and New Testament, seeing that 
one God is the author of both.” The second view is the Critical, which holds 
that the Old Testament is the selected literature of the Hebrews, and that 
the principle of selection is that of religion and patriotism. 

Our problem will be confined to the Pentateuch, the first five books of 
the Old Testament, held by the orthodox to be the work of one man, namely, 
Moses, inspired of God. The Critical view is that these books are not the 
work of Moses but of several authors. The following are some of the argu- 
ments given for the Critical view. Examine them carefully, and draw your 
conclusions. 

(a) In other seats of early culture, literature consisted of songs such 
as those of Moses, Deborah, and Miriam. That is, we find among the 
Hebrews the same phenomena found in other early cultures. 

(b) The Pentateuch is a collection of parts of three historical writings, 
edited and selected by a fourth writer who added a good deal of his own ma- 
terial. One of the sources known as the Elohist, so called because the 
writer down to the period of Moses gives the name Elohim to the national 
God, is largely geneological. This author was a citizen of the northern king- 
dom, who must have written after the time of Solomon, and cannot be identi- 
fied with Moses. Another writer (known as J because he calls the God by 
the name Yahveh) gives a different account of the creation, deals with his- 
torical facts from the standpoint of ethics and theology, and seems to have 
been a citizen of Judah. The third writer, knownas D (Deuteronomy), has 
a characteristic style which differs largely from that found in Numbers and 
Leviticus. Its style is ‘smooth and flowing, redundant, pleasant to the 
ear, but sometimes tedious from the accumulation of synonyms.’ Its aim 
is to develop a sentiment for monotheism and its character is hortatory. D 
wrote about the time of the reign of Josiah in the latter part of the seventh 
century B.c. ‘Since D refers to the monarchy, the prophetic order and the 
priesthood of the Levites, it is inferred that this writer or group of writers 
could not have lived and written before these institutions were established. 
From the similarity between the spirit of D and that of the prophetic move- 
ment in the reign of Josiah and from other evidence it is inferred that Deu- 
teronomy or some of it is the book of the law discovered in that reign, and 
written not many years earlier by some one who had shared in the prophetic 
movement.” A great deal of ecclesiastical and legal material is given by 
D. The fourth writer, known as P, since he seems to be a representative 
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of the priestly class, is concerned largely with ceremonial matters and prob- 
lems of a legal nature. It dates from the Jewish restoration in the fifth 
century B.c., under Nehemiah and Ezra. ‘‘ The ceremonial law as pro- 
claimed by him was a combination of priestly and prophetic factors, factors 
which had formerly been often at variance, but which the tribulations of 
deportation and captivity had brought into temporary accord.” Some of 
the passages written by P refer to what could not possibly have existed be- 
fore the centralization of worship in the time of Solomon’s temple. Ezra 
was probably the writer known as P. 

Some of the more definite arguments in support of (6) may be given. 

1. The composite nature of the Pentateuch as shown by (1) the fact 
that Moses would not have written the account of his own death and burial, 
adding, “‘No man knoweth of his sepulchre unto this day” (Deut. xxiv, 
5-12). (2) By the duplicate and different accounts of the same events, as 
the two different accounts of creation; the two different stories of the com- 
mand to Noah, first to preserve one couple of every species, and then to pre- 
serve seven couples of the clean beasts (Gen. vi, 19, vii, 2); the two accounts 
of the change of Jacob’s name, the first at Peniel, the second at Bethel (Gen. 
Xxxil, 27-30, XXXV, IO, 15); the two accounts of the death of Aaron, one at 
Mount Hor, and one at Mosera (Num. xxxiii, 38, and Deut. x, 6); the three 
accounts of the laughter in connection with the birth of Isaac (Gen. xvii, 
17, xvii, 12, and Gen. xx, 6). (3) By the inclusion of the songs of Lamech, 
of Balaam, of Moses, and of Miriam. (4) By the different styles which 
indicate multiple authorship. 

2. The later date of the authorship of the Pentateuch as shown by 
(1) References to geographical features, as in Deut. i, 1, in which the writer 
states that the words of Moses were spoken ‘‘beyond Jordan in the wilder- 
ness’? — a description which implies that the writer was on the Canaan side 
of the river, and Moses was never on that side. (2) As shown by the fact 
that much of the Pentateuch was unknown to Israel before the time of 
Josiah. “On the religious and ceremonial side the distinctive thing about 
Deuteronomy is its insistence upon the restriction of the sacrifices to Jeru- 
salem and the Temple, and destruction of the ‘‘high places” or rival local 
altars. King Josiah yielded to this demand, but at first with no little 
astonishment. The people at large must have been astonished also; for 
the high places, with their associated pillars and poles, had been in use for 
the worship of Yahveh from the time of the patriarchs down. Samuel and 
Saul sacrificed to Yahveh repeatedly on the high places. So did the youth- 
ful King Solomon, going to Gibeon — described as ‘‘the great high place” 
of the time —and there Yahveh appeared to him (Judg. xi,11; xx, 1; 
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Sam. vii, 6, 9-11, 17; ix, 12-14, 25; x, 3, 5, 13; xiv, 35; 1 Kings iii, 
4, 5 ff.). Elijah at Mount Carmel, as the very champion of Yahveh, “re- 
paired the altar of Yahveh that was thrown down,” and succeeded in bring- 
ing down upon it Yahveh’s baptism of fire. Thus an old Yahvist altar, 
far from Jerusalem, and from the Deuteronomic point of view utterly im- 
proper, is dramatically recognized by the divinity. A little later, at Horeb, 
it is one of Elijah’s chief grievances that “the children of Israel had thrown 
down” Yahveh’s altars, which evidently were many, and none of them doubt- 
less at Jerusalem in the neighboring kingdom of Judah. In other words, 
Elijah deplores as the triumph of heathenism the very acts which nearly 
three centuries later Josiah did in obedience to what purported to be the 
law of Moses! 

As the legislation of Deuteronomy exalted the Jerusalem Temple wor- 
ship, so the legislation of Ezra exalted the priesthood, or clergy. This also 
was evidently a new order of things. Samuel belonged to no priestly or 
Levitical family ; yet, even as a child, he ministered before Yahveh, wearing 
the ephod and the high-priestly mantle. He actually slept ‘‘in the temple 
of Yahveh, where the ark of God was”’ — a thing sacrilegious under the full 
Pentateuchal system —and on various occasions seems to have offered 
public sacrifices” (x Sam. ix, 10-14, 19, 25; xili, 7-12; xvi, 2-5). (An 
Introduction to Reflective Thinking, Columbia Associates in Philosophy, 
Houghton Mifflin Company, 1923, pp. 199-201.) 
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CHAPTER XXV 


SYSTEMS 


Every science presents two aspects: (a) the finding of spe- 
cific relations between the phenomena that make up the subject 
matter of the science; and (6) the displaying of the relations 
between the parts of the science in question and the whole of it, 
or the reduction of the phenomena which make up the subject 
matter of the science to a fundamental principle or set of prin- 
ciples from which the science follows as logical deductions. 
The former connects with the thinking, the experimental, as- 
pect of science, and involves causal necessity; the latter with 
the thought aspect of logic and science, and involves deduction 
and logical necessity. The discovery of specific causes of effects 
or effects of causes may be the whole object of a man experi- 
menting in electricity, heat, or mechanics. Such an investiga- 
tor is interested in aspect (a) of science. He may, however, wish 
to reduce the facts of mechanics or heat to a few general prin- 
ciples, to a few laws or axioms. To accomplish this he employs 
experimentation only as a means of verifying deductions from 
the principles he assumes. His problem is not merely that of 
finding specific causes for specific effects, but the larger problem 
of verification of deductions from his assumptions. He is 
engaged then in aspect (b) of science. One engaged in (a) is 
more of a technician and practical scientist; one in (0) more 
of a theorizer and systematizer. Both are necessary to the 
growth of science — the first without the second would become 
an enumerator of events and practical scientist; the second 
without the first, an uncontrolled speculator. One furnishes 
the ‘ material’ the other the ‘ form,’ to use old philosophic terms. 
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The inductive methods which we have touched upon are 
more given to the discovery of particular causal connections. 
The methods of Mill, for example, are largely applicable to 
the determination of particular causal’ connections between 
phenomena. The various aspects of probability, as statistics 
and averages, are instruments for dealing with extremely com- 
plex situations in which complete analysis is impossible; but 
the purpose is to show relations between definite complexes, 
as the methods of Mill are to show relations between simple 
and readily analyzable material. M4ill’s methods, it will be 
recalled, were formulated to determine what we have called 
“gross” facts of nature, and not “‘ minute ” facts, cause being 
a gross fundamental relation, 7.e., a relation which yields to 
further analysis. Thinking, experimentation, scientific method, 
pushes forwards the boundary line of knowledge; an analysis 
of thought, deduction, pushes backwards the boundary line of 
knowledge. The former is engaged in the analysis of objective 
nature, both physical and social; the latter is engaged with 
knowledge, an analysis of the results of thinking. 

We have dealt in some detail with the various methods of 
pushing forwards the boundary line of knowledge. We have 
also considered, in our treatment of the syllogism and relational 
arguments, some of the aspects of the analysis of knowledge, 
the implications of assumptions, and the like. In this chapter 
we wish further to deal with aspect (0) of science, the question 
being ‘‘ How are deductive systems formed consciously? ” 

Knowledge in general grows, moving from the purely prac- 
tical to the speculative. It is after we have developed certain 
types of systematic knowledge that we look back on them and 
attempt to state the logic of their development. On the other 
hand, we may consciously set out to construct a system, as has 
been done frequently. We develop more or less articulated 
‘ systems ’ in the give and take of experience; but we may be 
unconscious of the fact that we are developing a system. It 
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is the problem of the construction of a system that we wish to 
discuss here. The builder of a system knows well the details 
of the science he attempts to systematize — he is acquainted 
with the ‘facts’ of the science, and he wishes to show how these 
facts are the result of certain principles. In the case of the 
development of a more or less unified method of dealing with 
facts, and of organizing facts into some kind of unity, progress 
has occurred along with the widening interests and problems 
of a people. Arithmetic, for example, grew with the needs 
of commerce, surveying, and the like. Long after, a theoretical 
interest arose in arithmetic, a science was born. It becomes 
the object of interest in its own right; it is no longer just an 
instrument for dealing with commercial matters and questions 
of surveying land, but it is an objective thing that may be 
studied as we study any other fact of nature. It seems that 
most of our present sciences, 7.e., particular systems, originated 
and developed partially in the practical, haphazard fashion. 
Practical systems originate out of the needs of action. After 
certain demands have been met, after the environment is some- 
what conquered, man has time to look back over his achieve- 
ments and to examine them as objects of interest in their own 
right. 

“Tt is so long since geometry reached the assured position 
of a deductive science, that it is hard for us now to realize that 
it was ever in an inductive stage. But this, of course, is plain 
historical fact. The geometry of the Egyptians was a body of 
practical rules of mensuration, which were the outcome of long 
experience and careful observation — though they were far 
from exact, according to our standards. And the geometry 
of the early Pythagoreans, while it exhibits from the outset the 
Greek interest in pure theory, and was thus destined to develop 
into the organization of consecutive demonstrations which the 
science in its classical form exhibits, was still essentially empirical 
in its methods and standards. 
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“When one speaks in this way of an inductive and a deductive 
stage in the development of a science, it is not suggested that 
in the former stage deductive processes are not employed. The 
distinction rather is that when the deductive stage has been 
reached, induction is no longer used as a method of proof, but 
only for purposes of discovery or of illustration. When it has 
been demonstrated, for example, that the three internal angle- 
bisectors of a triangle meet in a point, there is no necessity for 
confirming the result with rule and compasses ; and if, on actual 
trial, the three bisectors should appear not to converge, one 
would blame the draftsman or his instruments, not the prin- 
ciples involved. 

“The foundations of an inductive science differ necessarily 
in the most radical fashion from the formal beginnings of a de- 
ductive science. The latter has its few indefinables and its 
set axioms. The inductive science has indefinables in plenty, 
not in the sense of concepts that do not need definition, but in 
the sense of concepts that are too vague to admit of definition ; 
and it has unproved principles in plenty, which are assumed, 
not because they are self-evident, but because they are plausible. 
As the science advances, its earlier indefinables may be defined, 
or they may disappear by reason of radical inconsistencies that 
have been discovered in them; and, at the same time, the 
earlier “‘ axioms ’’ may be demonstrated, or they may be shown 
to be unsound. ‘“ As far as the east is from the west,” said the 
psalmist, little thinking that east and west come together. 
That bodies which are not supported fall downwards is an 
ancient maxim, from which even today our imaginations are 
not wholly liberated. With the earliest physicists it some- 
times passed unquestioned ; witness, for example, Anaximenes’ 
theory, that the reason the earth does not fall is that its 
shape is that of a broad leaf, so that it is supported by the 
gir,?’ + 

1 De Laguna, T., in Journal of Philosophy, Vol. XTX, No. 16, pp. 421, 423. 
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The Nature of Systems. Systems vary in generality — some 
taking the whole of experience, i.e., attempting to account for 
everything; others less pretentious, taking a region or field, and 
organizing material in that particular region or field. The 
first of these undertakings may be called metaphysics, at some 
periods in the history of thought, viewed as the “ queen of the 
sciences’; at others, as an orphan and an outcast. The 
second leads to the various sciences and quasi sciences. 

When a certain method is introduced into a body of material, 
we have a system. The inductive methods, for example, in- 
troduced into what we call ‘ physical nature ’ lead to the ‘ physi- 
cal sciences.’ A system, therefore, involves ‘raw material’; 
a technique or method of organization, classification, and dis- 
covery; and the actual finished product resulting from the ap- 
plication of the method to the material. In general, the last 
named, i.e., the product, is thought of as the system. The 
other two, material and method, may be forgotten temporarily, 
and the system conceived as the finished product. But any 
complete notion of system must take account of all that enters 
into it. Neglecting material and method, we may say that a 
system is an organized body of knowledge, founded on a prin- 
ciple or set of principles which serve as the basis of organization. 

The Value of Systems. We pointed out the value of clas- 
sification in an early chapter.!_ Systems are, in fact, but elab- 
orate schemes of classification. The utility of a system is its 
chief merit — it is an instrument for rendering the following 
types of service: (a) to furnish a basis or means for the hand- 
ling of a new fact that may present itself, z.e., it is an instru- 
ment of interpretation; (b) to serve as a program for prediction 
of what may come in the future. When a new fact is found, it 
is, by virtue of being new, ‘ out of the fold.’ It is the lost sheep, 
so to speak, and the value of the system consists in this, that it 
may offer a fold for the strange fact. When the strange fact 

1 See Ch. V. 
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is brought in, if it can be so handled, then it takes on all the 
richness and dignity that the system can confer uponit. ‘ Sup- 
pose a little speck of light hitherto unseen is detected in the 
heavens. Unless there is a store of meanings to fall back upon 
as tools of inquiry and reasoning, that speck of light will remain 
just what it is to the senses — a mere speck of light. For all 
that it leads to, it might as well be a mere irritation of the optic 
nerve. Given the stock of meanings acquired in prior ex- 
perience, this speck of light is mentally attacked by means of 
appropriate concepts. Does it indicate asteroid, or comet, or 
a new-forming sun, or a nebula resulting from some cosmic 
collision or disintegration? Each of these conceptions has its 
own specific and differentiating characters, which are then 
sought for by minute and persistent inquiry. As a result, 
then, the speck is identified, as we willsay,asacomet. Through 
a standard meaning, it gets identity and stability of character. 
Supplementation then takes place. All the known qualities 
of comets are read into this particular thing, even though they 
have not been as yet observed. All that astronomers of the 
past have learned about the paths and structures of comets 
become available capital with which to interpret the speck of 
light. Finally, this comet-meaning is itself not isolated; it 
is a related portion of the whole system of astronomic knowl- 
edge. Suns, planets, satellites, nebula, comets, meteors, star- 
dust — all these conceptions have a certain mutuality of reference 
and interaction, and when the speck of light is identified as mean- 
ing a comet, it is at once adopted as a full member in this vast 
kingdom of beliefs.”’ ! 

In a system such as that presented by astronomy we also 
have an instrument for prediction as well as of analysis and 
interpretation. We feel that whatever may occur, we have a 
machine for dealing with it ; we feel also, that we can be certain 
as to what may occur. We can predict the behavior of the 

1 Dewey, John, How We Think, pp. 126-7. 
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elements that enter the system — that of the sun, in our as- 
tronomical system; of the behavior of negative ions in gases in 
our physical; of the probability of the genuineness of a docu- 
ment, the length of life of a given individual, etc., in our other 
systems. 

It is by means of systems that explanation is possible. A 
fact is explained when it is ‘ brought into the fold,’ so to speak. 
We have ‘ placed ’ the fact and it takes on all the privileges and 
immunities that the system is capable of giving it — it has in- 
tellectual standing, it is explained. To explain is to show that 
something follows from something else. The ‘ something 
else ’ is the system which former experience has built up. 

Examples of Systems. As has been suggested, systems orig- 
inally grew almost unconsciously — we have them in practical 
form before we know it. At least we have the material out of 
which they are made long before we set about consciously to 
make them. We have an abundance of practical knowledge 
‘before we have a well-articulated system — practice comes be- 
fore theory. 

Systems may be formed consciously in two ways, namely, 
(a) by constantly expanding and organizing as we go the prac- 
tical knowledge we have; and (b) by searching for a few prin- 
ciples to serve as a foundation for the results of thinking in 
any particular line of endeavor. The first method is exempli- 
fied in the growth of the various sciences. This method of 
system building is analogous to the thinking aspect of experi- 
ence, which we discussed in our first chapter. 

Thinking, it will be recalled, is progressive problem-solving, 
the results of which we call knowledge. When we are making 
systems by the progressive solution of problems, according to 
the methods we have discussed, we are acting in accordance 
with (a) above; when we are investigating the results of think- 
ing, 7.e., knowledge, and are attempting to find the principles 
or foundations or axioms upon which it is based, we are following 
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(6) above. In case (a) we are going constantly forward, ex- 
tending and broadening the field of knowledge; in (6) we have 
reached the end of a stage on our journey and are looking back 
to see what actually is fundamental in that knowledge. If we 
employ the figure of a pioneer, in case (a) we are settling, ex- 
ploring, discovering, exploiting; in case (6) we have settled 
temporarily at least and are surveying our achievements to 
determine precisely what it is that is essential and necessary 
in our efforts and what is passing and secondary. 

The building of systems by (a) has been sufficiently illus- 
trated in our development of inductive methods and the methods 
of probability. In (4) we build systems illustrated by ordinary 
geometry. We shall attempt to state briefly the logic involved 
in system building as illustrated in geometry, and not the de- 
tails, since they are somewhat difficult and complex. 

We should understand at the outset that much is known of 
mathematics before a system in the sense of (6) is undertaken. 
The system maker has the great mass of mathematical ‘ mate- 
rial,’ so to speak, before him; and his purpose is to find what it is 
that is fundamental in that material. 

By fundamental is meant all those principles in terms of which 
all the rest of the system can be stated. We may say that the 
system is derived from principles. The ‘derived’ portion is not 
fundamental, but the principles that are not derived are. So 
much for the general nature of a mathematical system — or 
any deductive system. 

Essentials of a Mathematical System. First, it is necessary 
to find terms that are undefined. If our terms can be defined, 
they are not ‘ primitive.’ Again, if all our terms are defined, 
it is obvious that we are reasoning in a circle. We want our 
reasoning to be ‘linear’ and ‘dimensional,’ but not circular. 
We must start from some fixed place, and we do not want to 
keep returning upon ourselves but to move forward (or back- 
ward) to things as yet unknown and unexplored. 
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In the second place it is essential that we start with a few 
propositions that are also ‘ primitive,’ z.e., propositions that are 
not derived from other propositions. Terms alone are not 
sufficient — they are the ‘passive’ parts while propositions 
are the ‘active’ parts of the system. Terms, as sometimes 
conceived, do not imply, but propositions which are made up 
of terms in certain relations do imply. For example, if ‘all 
men are animals ’ is true, then ‘ some animals are men ’ is true. 

In addition to terms and propositions it is essential that we 
have some relations. Usually relations are not stated except 
as they appear in the propositions. Relations may be con- 
sidered as terms, and when this is so, no relations are expressed. 
When Euclid, for example, gives the axiom, ‘ Things equal to 
the same thing are equal to each other,’ he considers the rela- 
tion ‘equal to’ asaterm. The same is true of ‘ greater than’ 
in ‘ the whole is greater than any of its parts.’ 

Terms and relations and propositions are the material out of 
which all systems are built — the material of all thinking and 
knowledge. 

How the System-builder Proceeds. Let us take Euclid and 
see how he goes about building the system known as Euclidian 
geometry. 

Euclid begins with a set of definitions, as, 

A point is that which has no parts. 

A line is length without breadth. 

A straight line is a line which lies evenly between two of its 
points. It will be observed that terms such as ‘ part,’ ‘ length,’ 
‘breadth,’ ‘ lies evenly,’ and ‘ between ’ (using this as a term) 
are undefined. He seems to assume that they are clear to every 
one — they are the ‘ primitive ’ ideas. 

Euclid next states a set of Postulates. We quote them to 
show their nature. 

It shall be possible to draw a circle with a given center and 
through a given point. 
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It shall be possible to draw a straight line joining any two 
points. 

All right angles are equal. 

A terminated straight line may be extended without limit 
in either direction. 

There is the celebrated fifth postulate known as the ‘ parallel 
postulate,’ in addition to the four quoted. 

His next step is to state the axioms, the “ common concep- 
tions of thought.” 

There are five of these which the student will remember from 
his high school days, beginning with “things equal to the 
same thing are equal to each other,” and closing with “ things 
that coincide are equal.” 

The postulates, it will be noticed, are purely geometrical, 
that is, they appear to be primitive propositions about space. 
The axioms, however, are not geometrical, but state primitive 
or fundamental notions of logic. 

We have stated briefly Euclid’s fundamentals, the bases of 
his system of geometry. It is not our purpose to go far into 
details, to inquire, for example, whether his ‘ primitive’ no- 
tions and propositions are indeed so, or whether he is really able 
logically to deduce the subject matter of geometry from his 
assumptions. It is well known that Euclid ‘slipped in’ many 
things by the ‘ back door’ when he needed them. Also it is 
recognized today that Euclid’s notions are not primitive, nor 
are they at all simple. The student who is interested in the 
development of non-Euclidian geometry, and in the details of 
geometrical systems should consult the references at the end of 
the chapter. 

The Essentials of a Postulate System. Any system, such as 
Euclidian geometry, which begins in the manner we have in- 
dicated, i.e., with undefined terms and unproved propositions, is 
called a postulate system. We wish now to indicate the require- 
ments of a set of postulates which are given as the foundation 
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of asystem. First, however, it should be stated that postulates 
or axioms “‘ are apparently mere assumptions or agreements 
concerning the properties of space (providing, of course, that 
we are dealing with metric geometry), which we make at the 
outset in order to get started.’’! 

Any set of assumptions of this nature will yield a geometry, 
i.e., a system. We have been brought up on the belief that 
Euclid’s geometry is not only ‘ true,’ but the only ‘ true’ one. 
Such a notion, of course, is erroneous. We can have as many 
geometries or systems as we please, since any set of postulates 
which fulfill the requirements will give origin to a system. It 
may not be ‘ true to nature’ or ‘ exist in the world of things,’ 
but that is immaterial in some respects. We may be able to 
make clearer what we are saying here by anexample. We think 
there is nothing more certain than that “a straight line is the 
shortest distance between two points.’’ Now this is true in 
some cases, but not in all. In other cases a curved line is the 
shortest distance. It all depends upon the assumptions.” 

The conditions usually stated for a set of postulates are three, 
namely, independence, consistency, and categoricalness. 

By independence is meant that none of the assumptions can 
be derived logically from others. This condition is not essen- 
tial except for some purposes. For example, suppose we wish 
to draw a distinction between a theorem and an assumption, a 
theorem being derived from assumptions, then, of course, the 
question of independence is important; otherwise it is not. 

How may we know that assumptions are independent? The 
method of showing the independence is quite simple. Before 
it can be explained easily, however, we should know the meaning 
of ‘concrete representation.’ If we take a set of assumptions, 
say, those of Euclid, we find that they lead to ordinary geome- 


1 Young, J. W., Fundamental Concepts of Algebra and Geometry, p. 38. 
2 For a discussion of this, see Young, zbid., pp. 15 ff. See also Poincaré, Science and 
Hypothesis, Engl. translation of the Science Press, p. 49. 
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try —1.e., they are ‘represented concretely’ in the geometry 
of our high school texts. We can point to something and say 
that this structure (or what not) is a concrete representation of 
a definite set of assumptions. 

Now let us suppose that we have a given set of assumptions, 
a, b, c, d,. ..n. Weare to prove that assumption h is inde- 
pendent of the others. We must find one concrete representa- 
tion for all the assumptions, except h, which representation 
satisfies the assumptions, but which shows hk to be false. As- 
sumption / is, therefore, independent of the others. For ex- 
ample, if we take six assumptions and find a concrete represen- 
tation for five of them, and when we attempt to represent the 
sixth one in the same system, it turns out false or cannot be 
represented in that system, we then consider the sixth assump- 
tion independent of the others. 

The second condition is consistency. ‘‘ The only test for the 
consistency of a body of propositions is that which connects 
with the abstract theory a concrete representation of it.” A 
given set of assumptions as those of Euclid will lead to a geome- 
try. This geometry is a concrete representation of the as- 
sumptions. But if an assumption is made which leads to con- 
clusions that ‘ contradict’ this geometry, that assumption is not 
consistent with the others. It will be seen that this argument 
is circular, but it is difficult to state it so it will not be. In 
fact, as it is usually agreed, there is no direct proof of consist- 
ency, since the proof itself involves the principle to be proved. 
The practical or pragmatic proof of consistency is that assump- 
tions, principles, or hypotheses lead to no unfavorable or dis- 
agreeable results — if they get as satisfactorily to the end of 
our intellectual journey they are ‘consistent,’ just as a rail- 
road ticket is ‘ good’ if it gets us to our destination. We can 
readily ‘see’ that all a is b, and no a is 6 are not consistent ; 
or that all a is 6 and some a is 6 are consistent. In the final 

1 Young, J. W., Fundamental Concepts of Algebra and Geometry, p. 43. 
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analysis we have to ‘ see’ that so and so is consistent with such 
and such, and vice versa — the pragmatic test is, try and see 
how it works out. 

An easterner once asked his friend, a westerner, to tell him 
what kaffir corn is. The westerner began by saying that it 
looks like cane. The easterner said, “‘ Yes, but I don’t know 
what cane is.” Then the westerner said, “‘ But you know what 
broom-corn is—it looks like broom-corn.”’ ‘‘ No, I don’t 
know what broom-corn is — I never saw any of it,” the easterner 
replied ; whereupon his western friend said, “‘ The trouble with 
you is that you don’t know enough to begin to learn.” It 
seems that we need something to begin with in our thinking 
as well as in our analysis of thought. We need to know ‘ con- 
sistency’ before we can ‘ begin to learn.’ 

The third essential of a postulate system is categoricalness. 
This is not as important, however, as consistency and independ- 
ence; and in some cases is not even desirable. But it is usual 
to give it as one of the essentials, and we follow that custom 
here. It is worth something to know what it means, at any rate. 
Suppose we have two classes of things, such as the class of sol- 
diers and the class of guns. For every soldier there is one gun. 
These two classes are said to be in one-one correspondence. 
Let us extend this a little farther. For each soldier there will be 
many things, such as hats, boots, coats, etc. That is, for 
everything in class S (soldier), there will be many things in 
class P (property). There is a correspondence between the 
elements in S and the elements in P. 

The same may be true as to assumptions. If we have a 
statement about the elements in system A, we obtain a corre- 
sponding statement about the elements in system a. “ Any 
two systems of elements which can be put into reciprocal one- 
to-one correspondence with preservation of properties as to a set 
of assumptions, are said to be isomorphic with respect to this set 
of assumptions. When a set of assumptions satisfies the con- 
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dition that any two concrete applications of it are simply iso- 
morphic, the set of the assumptions is said to be categorical.” ! 

The best examples of isomorphic systems are the various 
geometries, Euclidian and non-Euclidian. If we conceive all the 
propositions and theorems of one geometry written out in text- 
book form; and all the corresponding or homologous proposi- 
tions and theorems of the other written in the same form, then 
any inconsistency in one will be found in the corresponding 
place in the other. Thus, if we decide that Euclidian geometry 
is a consistent, non-contradictory science, we must also con- 
clude that non-Euclidian geometry is also consistent and non- 
contradictory. 

Isomorphic systems have a good deal of interest for another 
reason, 7.¢., other than the fact that geometrical systems are 
isomorphic. That reason connects with the idea of truth and 
consistency. Some but not all assumptions find concrete rep- 
resentation or expression in the world of things. For example, 
the fundamental assumptions of physics seem to find expression 
in the world we live in; and some parts of mathematics are 
‘practical,’ or ‘applied.’ On the other hand, some assump- 
tions cannot be represented in any concrete way, 7.¢., they are 
not tangent to ‘nature’ or ‘life’ or any of the things that fly 
the air or swim the sea. We can make a system out of these 
assumptions that does not connect in any obvious way with our 
world, and such a system may be extremely complex and in- 
teresting. It may also be logically consistent, but it need not 
find application in our concrete world. 

“The Laws of Thought.” The problem of discovering the 
fundamental postulates or axioms of logic has resulted in a state- 
ment of ‘ the laws of thought.’ We have said that when we 
investigate any system that already exists, we tend to discover 
in it certain principles that appear to be fundamental. Geome- 
try, for example, traces back to axioms, postulates, and unde- 

1 Young, J. W., Fundamental Concepts of Algebra and Geometry, p. 49. 
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fined terms. Analogously, thought traces back to the so-called 
laws of thought. They take the place in conceptual thought 
that undefined propositions or principles take in other sciences. 

There are three of these laws, namely, 

The Law of Identity, 

The Law of Contradiction, 

The Law of Excluded Middle. 

The law of identity is expressed formally as follows: A is A. 
Terms, one of the instruments of thinking and one of the ele- 
ments into which thought can be analyzed, are what they are, 
z.e., each one is the same with itself. Non-ambiguity is one 
of the essentials of every term. A term must be capable of 
reproduction in the same sense. Sameness or identity is the 
“keel and backbone of thinking.”’ If things constantly shifted 
at random, there would be no thought. We must have some 
permanence, some identity of reference, some place to stand to 
have any thinking whatever. The law of identity emphasizes 
this necessity. The law of identity does not deny change, but 
emphasizes the relatively permanent aspects amid change. 

It seems that every science, including logic, has what the 
mathematician calls ‘invariants.’ We may say that the 
invariants of traditional physics are space, time, and mass; 
of biology, the cell; of religion, the Jogos; of logic, the laws of. 
thought, one of which is Identity. 

The Law of Contradiction may be stated formally in such 
a proposition as A is not not-A. We are not able to accept a 
judgment that asserts that A is B and A is not B at the same 
time, and in the same sense. Contradiction brings to mind 
the necessity of difference as identity does likeness or sameness. 
If everything were identical with everything else, there could be 
no reasoning; and if everything were totally different from 
everything else, we should be in the same boat. Systems are 
built upon some points of likeness running through things that 
are different. The law of identity expresses the principle of 
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organization, i.e., the characteristics which make possible a 
consideration of parts as members of a whole; while the law of 
difference expresses the discreteness of the members of the whole. 

Contradiction and identity apply both to terms and to 
propositions. Aristotle states the law of contradiction as if 
it applied to propositions only. ‘“‘ It is impossible that the same 
predicate can both belong and not belong to the same subject 
at the same time, and in the same sense.” Contradiction ulti- 
mately reduces to the recognition of differences between things. 
We must be able to do this in order to start the process of think- 
ing; but we do not consciously start with a principle for- 
mulated after the specifications of the laws of thought. We do 
our thinking in blissful ignorance of any laws of operation, and 
when we look back upon our intellectual operations, we find 
there that we have actually thought as if there were rules of the 
game laid down in advance. The proverbial cows that laid 
out the streets of Boston did not proceed with malice afore- 
thought; but looking back on the results of their peripatetic 
proclivities, we are inclined to the opposite view. 

The Law of Excluded Middle refers to the relation between 
a term and its contradictory, and a proposition and its contra- 
dictory. There is no middle ground between contradictories, 
and when contradictory assertions are made one must be true, 
the other false. This is not true of contrary assertions. Formal 
logic has no suggestions to offer as to when terms and proposi- 
tions are actually contradictory, but if they are contradictory, 
there is no middle ground. Formally we may state the law of 
excluded middle in such a proposition as ‘‘ everything is either 
A or not-A.” It is obvious that there is nothing in the uni- 
verse that falls outside of these two classes — saints, sinners, 
goblins, diseases, football, and smoking tobacco — everything 
finds a haven in the A or not-A class. 

From the standpoint of the proposition the case is similar. 
To:assert that x is y is to assert, implicitly at least, a great num- 
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ber of other propositions, among them being that the contradic- 
tory is false. 

It will be observed that the three ‘laws of thought’ are state- 
ments of relations between things (terms and propositions) 
and that they are not themselves things (terms and proposi- 
tions). Hence logic must make use of relations as ultimate 
categories. Relations, however, obtain between things (terms), 
and we find another ultimate category of logic, namely, terms. 
But terms and relations must be joined together in the proposi- 
tion, the subject of implications. The older ‘ laws of thought,’ 
like the older notion of cause in the physical sciences, need 
further analysis. To use the term we employed in the treat- 
ment of causal determination in physical science, the ‘ laws of 
thought ’ are not ultimate categories, and give only a ‘ gross’ 
statement of the nature of logic, ‘ust as ‘ cause’ as a relation 
introduced into factual material gives a ‘ gross’ statement of 
natural phenomena. To show that this is true would take us 
too far into speculation to be of value at this time. 

In addition to the three ‘ laws of thought,’ it is necessary to 
the formation of a system of logic that we have some postulates, 
something we assume for the purpose of getting a start. Euclid, 
it will be recalled, suggested five for geometry. Several have been 
proposed for logic, as “‘ Every assertion is either true or false,” 
“The world is practically the same for all observers,” ‘‘ From 
true premises true conclusions follow.” While such postulates 
may not be adequate, the essential thing to note is that some 
postulates (propositions) are essential. 

We are thus brought back to the position developed in the 
first chapter, namely, that we may view the subject of logic 
from the standpoint of thinking or from the standpoint of 
thought, from process or product, knowing or knowledge. But 
in either case we must find the instruments of thinking and 
show how they operate; and we must find the elements of 
thought and show how knowledge is a combination of these 
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elements. The instruments have been shown to be terms, re- 
lations, and propositions. The physical scientist may call 
them ‘facts,’ the ‘causal relation,’ and the ‘hypothesis’; 
the system maker, the framer of a deductive system, may call 
them ‘primitive ideas’ and ‘axioms or postulates.’ The ‘ primi- 
tive ideas ’ include both terms and relations. 

That terms, relations, and propositions are both the instru- 
ments of thinking and the elements of thought is shown by the 
fact that the problems of scientific method and of logical analy- 
sis may be stated and described through them. That is, scien- 
tific method and logical analysis afford a ‘ concrete representa- 
tion ’ of these principles, just as ordinary plane geometry is a 
“concrete representation ’ of the assumptions made in the be- 
ginning of the undertaking. 


PROBLEMS 


1. Illustrate by examples the difference between form and content as 
applied to systems. 

2. State the difference between a scientific system (as represented 
by physics) and a logical system (as represented by mathematics) as to 
(a) what is taken for granted in each; (b) methods of procedure in each; 
(c) tests of truth in each. 

3. Select some subject matter or field of discourse. Formulate a set of 
terms, relations, and propositions adequate to this field. Develop your pos- 
tulates and try to discover other characteristics of the field of discourse 
than those you first observed in it. 

4. What is meant by giving a set of postulates a ‘concrete representa- 
tion’? 

5. Illustrate the difference between the inductive stage and the deduc- 
tive stage in the development of a science by taking plane geometry. What 
sciences would you say are primarily deductive? Which primarily induc- 
tive? Do the sciences seem to move from the inductive to the deductive 
aspect? 

6. What are some relations between a system and a scheme of classifi- 
cation? Read the quotation from Professor Dewey, How We Think, under 
our topic, ‘The Value of Systems’ and tell when a fact is ‘explained.’ 

7. Give examples of the Laws of Thought in logic. To what do they 
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correspond in geometry? What would be some postulates necessary for 
the formation of a system of logic? 
8. Develop the following. Note how you are ‘bound’ by the assump- 

tions. Suppose a class S, the elements of which aredenotedby ABCD... 
S has also some sub-classes, 7.e., a class containing only a part of the ele- 
ments of S. Any one sub-class is known as an m-class. Two m-classes 
with no element in common are known as conjugates. Concerning the ele- 
ments and m-classes of S, let us postulate (assume) the following : 

I. If A and B are distinct elements of S, there is at least one m-class con- 
taining both A and B. 

II. If A and B are distinct elements of S, there is not more than one 
m-class containing both A and B. 

III. For every m-class there is at least one conjugate m-class. 

IV. For every m-class there is not more than one conjugate m-class. 

V. There exists at least one m-class. 

VI. Every m-class contains at least one element of S. 

VII. Every m-class contains not more than a finite number of elements. 

Give answers to the following questions: 

(a) How many (at least) elements are in S? 

(6) How many m-classes ? 

(c) How are the elements of S distributed among the m-classes? 

(d) What change in the answer above would be required if postulate III 
were changed to read “‘at least two conjugate m-classes”’? 

(e) Show that each postulate in the set is independent of the other six. 

(f) How is the demand for categoricalness met? (Carmichael, R. D., 
Monist, Vol. XXIV, No. 1.) 


REFERENCES 


DeEwEY, J., How We Think, Ch. IX. 

Jones, A. L., Logic, Inductive and Deductive, Part III, Chs. I and III. 
JosEpH, H. W. B., An Introduction to Logic, Ch. XXIII. 

PittsBurY, Essentials of Psychology, Ch. IX. 

SELLARS, R. W., The Essentials of Logic, Chs. XXIV-XXV. 
WHITEHEAD, A, N., Introduction to Mathematics, Ch. XVI. 


CHAPTER XXVI 


FALLACIES 


THE various kinds of fallacies have been pointed out in the 
body of the text in connection with those processes which call 
them forth, and various problems directed towards their detec- 
tion given. By organizing them into a single chapter and 
placing them at the end of the book it is hoped that, in addition 
to the practical benefit to be derived from a study of fallacies, 
their discussion will serve as a means of recalling the various 
processes of thought and of thinking, thereby contributing 
to the desirable end of rendering these processes the permanent 
possession of the student. It is hoped, too, that the more 
intimate connections between thought and thinking, deduction 
and induction, product and process, may be discovered as a 
result of discussing within the limits of a single chapter the 
two great varieties of fallacies. This connection is perhaps 
best seen in the development of the implications of the hy- 
pothesis. The hypothesis, it will be recalled, is the instru- 
ment which the thinker, be he engaged in the solutions of the 
common problems of everyday experience or the most recon- 
dite problems of experimental science, uses to solve his prob- 
lem. This same hypothesis is also a proposition (sometimes a 
number of propositions), and as a proposition or set of them, it 
implies other propositions. The deductive development of the 
hypothesis opens the way for the fallacies connected with the 
forms of immediate and mediate inference, such as false obver- 
sion, illicit major, and the like. That is to say, the deductive 
fallacies are seen to have their real and vital origin in the 
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development of the hypothesis which arises from the observa- 
tion of facts in the world of practical and scientific experience. 

Observation, formation of the hypothesis through analogy, 
deductive elaboration of the hypothesis, experimentation to see 
what facts may be actually found in nature to support our 
hypothesis, further elaboration of these conclusions by intellec- 
tual analysis until knowledge is organized and its fundamental 
categories discovered — this is the setting in which thought and 
thinking are seen to be so intimately related. And fallacies 
connected with these processes, when discussed together, may 
help to display this connection. 

Let us analyze this setting just a little further. Observation 
brings its peculiar difficulties — those due to prejudice and other 
psychological forces, those due to physical and to physiological 
forces, and the like. In the formation of the hypothesis we may 
commit the various fallacies of ambiguity, and we may violate 
the established principles for a valid hypothesis. In the de- 
ductive elaboration of the hypothesis we may commit all the 
fallacies that grow out of the operations on a proposition or a 
set of propositions — that is, the fallacies connected with im- 
mediate and mediate inference. In experimentation on the 
implications of the hypothesis, we are again liable to all the 
errors connected with observation and interpretation. Finally 
in the elaboration of the findings of experimental science into 
systems of knowledge, and ultimately to the fundamental 
categories of all knowledge, that is to say, in the processes of 
intellectual analysis, the fallacies connected with division and 
classification, and those connected with definition, have their 
origin. 

Fallacies are connected with processes, with manipulation, 
with action and not with things. We perform acts incorrectly, 
very often, and when we do an intellectual deed incorrectly 
we are committing a fallacy. Things, such as houses, trees, 
and mountains, do not admit of characterization as fallacious 
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or non-fallacious, accurate or inaccurate, and the like; but such 
terms are used to describe a process or kind of action. 

Fallacies are mistakes in reasoning or thinking. If we think 
of reasoning to a conclusion as a journey with many inconven- 
iences and possibilities of getting off the right road we have a 
fair notion of a fallacy in reasoning. A fallacy, sometimes 
called a Sophism or Paralogism (although these terms may 
better represent particular forms of fallacies), is the getting off 
the right road to a satisfactory conclusion. Coming back to our 
example in the first chapter, the example, namely of forming a 
bridge or junction between a-8, it is possible that many wrong 
starts will be made and many unsatisfactory paths entered be- 
fore we finally reach a satisfactory union in the break of the 
evenness of experience. 

We may say of any bit of argument that has already taken 
place that it is fallacious when it ‘‘ appears to be conclusive when 
it is not.” An argument that is concluded, stated in written 
form, may be the object of study, as is a disease, a fossil, or an 
equation. We may discover that the reasoner made certain 
assumptions and performed definite operations, and that as 
a result of such assumptions and operations his conclusions are 
not legitimate, 7.e., are fallacious. The chief benefit to be de- 
rived from such a study is that we may learn to avoid com- 
mitting fallacies. 

Classification of Fallacies. It is very difficult to make an 
adequate classification of fallacies —it all depends upon the 
point of view. It has been said by de Morgan:! “ There zs 
no such thing as a classification of the ways in which men may 
arrive at an error; it is much to be doubted whether there ever 
can be.” 

The first classification was made by Aristotle under the cap- 
tion “On Sophistical Difficulties,” (eps cogustuxdv deyxwv). 
He divides fallacies into two classes, namely, (a) those due to 

1 Formal Logic, p. 237. 
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language, or, as they are often called, im dictione; and (b) those 
not due to language, or extra dictionem. He finds six sub-classes 
under (a) and seven under (6). One difficulty with this classifi- 
cation, as is obvious, is that (0) is stated negatively, whereas we 
need some statement which indicates the attributes or charac- 
teristics of (0). 

Numerous classifications have been made since Aristotle’s 
time, some of which may be found in the works mentioned at 
the end of this chapter. 

Possibly as good a way as any to organize fallacies is on the 
principle we have employed throughout the book, of the two 
ways of looking at the subject matter of logic — from the stand- 
point of discovering and establishing principles, and from that 
of examining these principles in themselves after they have been 
established. On the one hand, we are treating fallacies as they 
arise in thinking ; on the other, as they are discovered in thought. 

The first of these will include fallacies usually classed as 
Inductive, the second those classed as Deductive. Thus, our 
two great classes are Inductive and Deductive. These classes 
are not exclusive, since the solution of any genuine problem 
involves both induction and deduction. The two classes of 
fallacies represent rather errors that may arise in different stages 
of the problem-solving process. It will be recalled that the syllo- 
gism plays an important rdéle in problem solving — that when 
an hypothesis has been framed, it stands as a major premise, 
which may be tested by its use in interpreting facts. Thus, 
we shall find some fallacies that are as easily and accurately 
classed under one head as the other. 

In order to have a concise scheme for ready reference we 
give the following classification of fallacies : 

I. Deductive 

A. Formal, those connected with the operations which 
we discussed under mediate and immediate inference. 
a. False opposition, 
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False conversion, 
False obversion, 
False relational sense, 


our terms, 


Undistributed middle, 
Illicit major, 
Illicit minor, 


wo particulars, 
wo negatives, 
firming the consequent, 


Denying the antecedent, 


m. Incomplete disjunction. 
These have been discussed sufficiently in the chapters on 
deductive inference in its various forms. They are due to an 


improper use of 


the forms which reasoning takes. 


B. Material, those that have to do with the content of 


tho 


ught rather than with its forms. There are 


two kinds: 


fan, AB 


b. 
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hose due to Ambiguity : 

Equivocation, 

Amphiboly, 

Composition, 

Division, 

Accident, 

Accent, 

. Figure of speech. 

eae due to False Assumption : 

Petitio Principii— begging the question, 

which may take any of the following forms: 

(a) Assuming the point at issue, 

(6) Assuming a more general truth which 
involves the point at issue, 

(c) Assuming particular truths which the 
point at issue involves, 
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(d) Assuming the component parts of the 
issue, 

(e) Assuming some consequences of the 
point at issue. 

Ignoratio Elenchi, a failure to meet the issue. 

It takes the following forms: 

(a) Argumentum ad hominem, 

(b) Argumentum ad populum, 

(c) Argumentum ad ignorantiam, 

(d) Argumentum ad verecundiam, 

(e) Argumentum ad baculum. 

Fallacy of the Double Question, 

Irrelevant Conclusion, 

Non Sequitur. 


A. Fallacies due to the improper handling of the ma- 
chinery of thinking, i.e., Language. 
a. Equivocation, 
b. Question-begging epithet, 
c. Metaphorical language, 
d. Abstract terms, or hypostatization. 
B. Errors in Observation: 
a. Errors in perception, due to 


I. 
2. 


3- 


Prejudice, 

Past training, etc., 

What we are looking for — the failure to 
take account of the negative instance. 


6. Errors in memory, due to 


I. 
2. 


3. 


Faulty learning, 
Faulty retention, 
Faulty recall. 


C. Fallacies in the formation of the hypothesis: 
a. Post hoc, ergo propter hoc, 
b. Hasty generalization, 
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c. False analogy 
d. The “ Uncriticized Universe.” 

D. Fallacies involved in testing the hypothesis, in- 
cluding those involved in actual experimentation 
and those in reasoning from premises. The latter 
bring us back to so-called Formal or Deductive 
fallacies. Those involved in experimentation 
have been pointed out in connection with the 
various methods; those of deduction in their 
respective places. 

We see from the outline of fallacies the place of the formal 
ones in the larger process of problem solving. 

I. Examples of Fallacious Arguments. We shall now give 
examples of a few of the fallacies which have perhaps not re- 
ceived adequate attention in other places. 

Of Formal Fallacies enough has been said. Let us look at 
some Material Fallacies of the Ambiguous Class. 

1. Equivocation is the name given to that class of fallacies 
due to the use of a word or a phrase which is capable of more 
than one meaning. When this class of fallacies is reduced to 
the formal syllogism, the error is one of four terms.  “ The sick 
man is well; for men who have recovered are well, and the 
sick man has recovered,” is an old example from Aristotle. 
Another ancient example given in the Latin texts is: “ Finis 
rei est illius perfectio: mors est finis vitae: ergo mors est per- 
fectio vitae.” A description of the automobile of the early 
day contained this statement: “ The automobile is a poor mud 
horse.” 

2. Amphiboly is due to an error in syntax rather than to an 
ambiguity in the terms. Faulty sentence construction is the 
root of this fallacy. The following inscription on a tombstone 
in the old Concord, Massachusetts, burying-ground illustrates 


the fallacy :! 
1 Hibben, Logic, Deductive and Inductive, p. 159. 
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Sacred to the Memory 
of 


After living with her husband for fifty-five years, she 
departed in the hope of a better life. 


At the beginning of the Form of Service formerly ordered 
for use on January 30, the anniversary of the execution of 
Charles I, appears the following: “ If this day shall happen to 
be Sunday, this Form of Prayer shall be used and the Fast kept 
the next Day following.”” When is the form of prayer to be used ? 

3. Composition. We may say something about individuals 
separately, and may be led to say the same thing about them 
when taken together. To do so is to commit the fallacy of 
composition. John, Philip, Tom, and all the others may be 
good football players, but it would not follow that the team 
is a good one. Three and two are five; also, three and two are 
odd and even; therefore, five is odd and even — this is an- 
other example. 

One of the best examples of this fallacy is that found in the 
writings of the logician, J. S. Mill: ‘ No reason can be given 
why the general happiness is desirable except that each person, 
as far as he believes it to be attainable, desires his own happi- 
ness. .. . Each person’s happiness is therefore a good to the 
aggregate of persons.” 

The showman who made the announcement that children of 
both sexes would be admitted free, and then charged admission 
to boys and girls alike on the ground that neither were children 
of both sexes, was guilty of this fallacy. 

4. Division is the converse of composition, consisting in say- 
ing something of individuals separately, which is applicable 
only when they are taken together. An example is: 

All the angles of a triangle are equal to two right angles ; 
A is an angle of a triangle; 
Therefore A is equal to two right angles. 


FALLACIES 395 


' The fallacies of division and composition are based on the 
ambiguities that arise from the collective and the distributive 
uses of such words as all, both, and each. 

5. Accident. We commit this fallacy when we confuse prop- 
erties and accidents, to use terms employed in our discussion 
of formal definition. What is true generally may be taken to 
be true under circumstances which alter the case; and also 
what is true under certain circumstances may be erroneously 
taken as true under all circumstances. When the first of these 
is the case we have the direct or simple fallacy of accident, called 
by the old logicians a dicto simpliciter ad dictum secundum quid; 
in the second case we have the converse fallacy of accident, or 
a dicto secundum quid ad dictum simpliciter. If we argue that 
candy is good for food, and should therefore be given to babies, 
we commit the direct fallacy; and if we argue that beer is a 
wholesome drink for thin people, and should be used therefore 
by all people, we are guilty of the converse fallacy. 

From Boccaccio the following tale is told: “‘ A servant who 
was roasting a stork for his master was prevailed upon by his 
sweetheart to cut off a leg for her to eat. When the bird came 
upon the table, the master desired to know what had become of 
the other leg. The man answered that storks had never more 
than one leg. The master, very angry, but determined to 
strike his servant dumb before he punished him, took him next 
day into the field where they saw storks, standing each on one 
leg, as storks do. The servant turned triumphantly to his 
master; on which the latter shouted, and the birds put down 
their other legs and flew away. ‘Ah, sir,’ said the servant, 
‘you did not shout to the stork at dinner yesterday; if you 
had done so, he would have shown his other leg, too.’”! To 
the mind of the servant a roasted stork had all the characteris- 
tics of live storks. 

6. Accent. This fallacy is committed when emphasis is 

1Quoted by Smith, A First Book in Logic, p. 60. 
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placed on words in a sentence that the writer did not intend 
to be emphasized, or when we unduly emphasize a word or 
phrase in verbal speech. By italicizing words that the author 
did not italicize we strain his meaning; or by taking ‘ texts’ 
out of their setting we get wrong impressions of their true mean- 
ing. Take such a statement as ‘‘ Thou shalt love thy neighbor 
as thyself,’ and emphasize in turn the words, thou, shalt, love, 
thy, neighbor, and thyself, and note the different meanings in 
each. 

“* Another instance which has even led to sectarian contro- 
versy, is the meaning of the phrase, ‘ Drink ye all of it.’ Shall 
we say, ‘ Drink ye all of it,’ or rather ‘ Drink ye all of it?’ ”’! 

The fallacy of emphasis is expressed in the following example, 
in which the translators when supplying a word put it in italics: 
In Kings, Book I, Chapter XIII, verse 27, appears the following : 
“And he spake to his sons, saying, Saddle me an ass. And 
they saddled him.” 

7. The fallacy of Figure of Speech. ‘This is due to ambiguity 
in the inflection of words. English is not a language in which 
inflection plays a great part as is Latin or Greek, hence this 
fallacy is not so important. The classic example is from J. S. 
Mill’s Utilitarianism, in which he is attempting to prove that 
the chief good is pleasure. ‘‘ The only proof,” so the argument 
runs, “‘ capable of being given that an object is visible is that 
people actually see it. The only proof that a sound is audible, 
is that people hear it; and so of the other sources of our ex- 
perience. In like manner, I apprehend, the sole evidence it is 
possible to produce that anything is desirable, is that people 
do actually desire it.” Now visible and audible mean what can 
be seen or heard, and desirable means something worth desiring, 
or what should be desired. 

b. We shall now give examples of those fallacies in the class 
of False Assumption, the first type of which is Petitio Prin- 

1Smith, A First Book in Logic, p. 57. 
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cipit. This fallacy is committed when we assume what we are 
attempting to prove in order to prove it. It may take any of 
the five forms in the outline above. If we argue that the left- 
handed man lacks will power, for if not, he wouldn’t be left- 
handed, we are begging the question; as is the argument, “ We 
know that God exists, because the Bible tells us so ; and we know 
that whatever the Bible affirms is true, because it is of divine 
origin.” 

It is very easy to commit this fallacy since our language is 
rich in synonyms. We seldom find it, however, in brief form. 
It is found in longer arguments extending over several pages, 
and prevails usually in those common ‘ windy’ attempts to 
convince when the case is weak. But it may be found in science 
as well as in ‘ orations.” Romanes gives the following argument 
of Huxley’s, which attempts to show that all specific characters 
are adaptive, as an example of petitio: ‘‘ Every variety which 
is selected into a species is favored and preserved in consequence 
of being, in some one or more respects, better adapted to its 
surroundings than its rivals. In other words, every species 
which exists, exists in virtue of adaptation, and whatever ac- 
counts for the adaptation accounts for the existence of the 
species.” The question here is, is it correct to substitute for 
‘every variety which is selected,’ ‘ every species which exists ’? 

The second type of False Assumption arguments are those 
classed under Ignoratio Elenchi. ‘These fallacies are committed 
when arguments are presented which do not belong to the case, 
or when the appeal is to the emotions and not to reason. The 
arguments are not material to the question under discussion. 
The name literally means “ ignorance of confutation,” but the 
one using such an argument need not be ignorant of the nature 
of refutation — he may have a poor case and use his arguments 
“ with malice aforethought.” 

The business of an opponent in argument is to prove the con- 
tradictory of the original statement; if the opponent proves 
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something else, he is guilty of a fallacy. To meet the point 
arguments are said to be ad rem and ad judiciwm — to the point 
and to reason, but it often is the case that arguments not to the 
point are made and an appeal is made not to reason but to the 
emotions and passions. 

John Locke ! has offered an excellent statement of this type 


of argument. “Of all the arguments that men ordinarily make 
use of, the argument ad judicium alone brings true instruction 
with it... . For (x) it argues not another man’s opinion to 


be right, because I, out of respect, or any other consideration 
but that of conviction, will not contradict him. (2) It proves 
not another man to be in the right way, nor that I ought to 
take the same with him, because I know not better. (3) Nor 
does it follow that another man is in the right way because he 
has shown me that I am in the wrong.” 

As suggested in the outline of fallacies there are various forms 
which ignoratio elenchi takes. 

(a) Argumentum ad hominem is the name given the fallacy 
when our arguments are directed to our opponent rather than to 
the merits of the case. They are trick arguments tending to 
take the mind of the hearers from the case to something else. 
“A story is told of O’Connell that on one occasion when he 
had to defend a man who was clearly in the wrong, the counsel 
for the prosecution was a certain Mr. Kiefe, who had come in 
for some money in a rather questionable way, and had taken 
the name of O’Kiefe. O’Connell commenced his defense by 
addressing his opponent : 


‘Mr. Kiefe O’Kiefe, 
I see by your brief o’brief 
That you are a thief o’thief ’ — 
which so disconcerted Mr. O’Kiefe and so tickled the jury that 
a verdict was returned for the defendant.” 2 


1 Essay Concerning Human Understanding, Bk. IV, Ch. XVII. 
2 Sellars, ibid., p. 153. 
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(6) Argumentum ad populum is an appeal to passion, prej- 
udice, or pity, and not to the reason. When the appeal is to 
pity, the fallacy is sometimes called argumentum ad misericor- 
diam. Propaganda of various kinds usually takes the form of 
this fallacy. War literature, patriotic addresses, and Fourth 
of July orations frequently furnish material in which this fallacy 
may be found. Legal battles often are the setting for such a 
fallacy, especially the appeal to pity. A court scene of a man 
being tried for murder is probably best. Here is the defendant, 
his wife and children, dressed probably in shabby clothing; 
there the widow of the deceased, dressed in black, the children 
sitting about the mother shedding tears. At a critical point 
in the testimony or argument the widow breaks down in tears 
and sobs, and the smallest of the orphans calls ‘ Daddy, Daddy.’ 
Socrates refused to make such an appeal as the above to the 
Atheneans. He refused to bring his wife and children into court 
or to shed tears himself to excite pity. 

(c) Argumentum ad ignorantiam is the name given to an ar- 
gument which attempts to throw the burden of disproof on the 
opponents. It is an appeal to ignorance. It is not possible 
definitely to disprove an argument, and this is taken as evidence 
that the original argument is true. 

(d) Argumentum ad verecundiam is an appeal to the sentiment 
of veneration or reverence for authority. One who quotes 
Washington or Jefferson as authority for his political position is 
guilty of this fallacy. The words of Locke are worth remember- 
ing: ‘ When men are established in any kind of dignity, it is 
thought a breach of modesty for others to derogate any way 
from it, and question the authority of men who are in possession 
of it.” In a practical, though not in an argumentative way, 
college authorities formerly committed this fallacy by making 
the president of the institution the professor of philosophy — 
to be invested with presidential dignity seemed to carry with 
it a windfall of omniscience. 
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In our day it is necessary to point to the common fallacy of 
what may be called “ transfer of reputation ’”’ — a form of ap- 
peal to veneration. A man may be a shrewd politician, and 
yet pronounce in the fields of science; an inventor of great 
genius, and express an educational theory; a keen busi- 
ness man, and expatiate on problems of political theory; 
a theologian, and give sapient advice as to policies of 
business, etc. 

(e) Argumentum ad baculum is the expedient resorted to, 
often by men and occasionally by nations, when arguments 
and diplomacy have broken down — the method of establish- 
ing a point not by argument but by force. 

3. The Fallacy of the Double Question or of many questions, 
as it is sometimes called, is the name given to that species of 
argument which asswmes that a former question has been asked 
and answered. We may ask about an assumed fact while the 
fact itself is in dispute. We may, for example, be asked to tell 
why it is that the weight of a pail of water is not increased by the 
placing of a live fish in it; or how far from a train moving 
thirty miles an hour a man would fall who, standing at the 
rear end of the rear coach, jumps vertically two feet; or the 
old example, ‘‘ Have you left off beating your wife? ”’ In this 
question an answer either way is an admission carrying un- 
pleasant results. 

This fallacy has wide application. It is closely connected 
with another which we have called the “‘ Uncriticized Universe ” 
— the acceptance of a question as legitimate without a former 
inquiry into its background. In exercising the power of veto 
the President of the United States and Governors of States 
are often confronted with the double question. The President 
can veto a bill asawhole only. If Congress tacks on a measure, 
to which the President objects, to a bill that he actually wants 
passed, he has the double question before him — he must, if 
he signs the bill, admit that he wishes passed that which he 
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objects to, and if he refuses to sign the bill, he refuses that which 
he wants passed. 

Much “ spiritualism,” “ telepathy,” etc., involve the double 
question. ‘‘ How do you explain,” some one asks, “ how it is 
possible that I actually talk to my poor dead brother? ” 

4. Irrelevant Conclusion differs from ignoratio elenchi in that 
the former may be logical, z.e., make an appeal to reason, 
while the latter is an appeal to passion. Irrelevant Conclusion 
is the name given to the fallacy of proving something that is not 
connected in a vital way with the question in hand. Instead 
of proving that John Jones is guilty of arson, you prove that 
arson is a dangerous thing. The sympathetic judge who told 
the young lawyer that the latter’s speech was an excellent one, 
and expressed the hope that he would some day find a case to 
which the speech actually applied, understood the nature of this 
fallacy. ‘To answer a charge or accusation by declaring that 
the person bringing the charge is guilty of as bad, or even worse, 
things — what is sometimes called the tu quoque form of ar- 
gument ” — is also an example of this fallacy. 

5. Non Sequitur, or the Fallacy of the Consequent, is the 
name given to a conclusion that does not follow from the prem- 
ises. In short arguments the fallacy is easily detected, but not 
so in long ones. 

II. Inductive Fallacies have been considered somewhat in 
connection with the various operations involved in the general 
process of building up knowledge. We shall give examples 
of the various forms here, and refer the student to the earlier 
chapters for fuller discussion in the proper setting. 

A. Fallacies due to improper handling of the machinery 
of thinking, 7.e., language, are not peculiar to induction but to 
formal processes as well. The “ Idols of the Market-Place,” 
the name Bacon gave to fallacies due to careless use of language, 
are such as have “‘ rendered philosophy and the sciences sophisti- 
cal and inactive.’’ People believe that reason governs words, 
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but it was Bacon’s thesis that words react upon the reason and 
help to govern it. 

a. Equivocation has been discussed under fallacies due to 
ambiguity and need not be further considered. 

b. Question-begging Epithet is the name given to the fallacy 
of placing an argument in a category, and thereby giving the 
argument the unpopularity attributed to the category. To 
call a bit of legislation “ class-legislation ”’ is to cast discredit 
on the measure in question; to say that Hume was a skeptic, 
therefore we must be shy of his arguments, is to be guilty of 
this fallacy. Many an argument has been silenced because 
the men who uttered them were ‘ atheists,’ or ‘ socialists,’ or 
‘radicals,’ or ‘ capitalists,’ or ‘democrats,’ etc. Most cam- 
paign slogans are really question-begging epithets, as are war 
slogans such as that of the French Revolution. 

c. Metaphorical language leads us to forget ‘‘ the difference 
between the real subject under consideration and the matter 
that has been used to illustrate it.” The imagery in one field 
of interest is transferred to another, and since the imagery is 
striking, we tend to believe that something is actually being 
said — but such is rarely the case. Metaphors are for illus- 
trative purposes and not for proof of a position. In our treat- 
ment of analogy we pointed out some of the dangers along these 
lines, and it is useless to repeat them here. 

An example often given of false metaphor is the argument of 
Carlyle against representative government, ‘‘ founded on the 
analogy between the ruler of a state and the captain of a ship. 
The captain,” he says, “ could never bring the ship to port if 
it were necessary for him to call the crew together, and get a 
vote every time he wished to change his course. The real dif- 
ference between the relation of a captain to his crew, and the 
executive officers in a state to the citizens, is lost sight of by 
the metaphor.” ! 


1 Creighton, ibid., p. 303. 
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It is said that Lincoln met the objections of the armies of the 
Civil War to the diet of hominy — that hominy was not food 
for men but for horses — by the humorous argument that it 
was evident that hominy was for men, since the Latin word 
for ‘man’ is homo, and its dative is homini, which means for 
man. 

d. Abstract terms or hypostatization is a subtle and per- 
nicious fallacy. The evils result from the failure to realize that 
terms and relations may be used abstractly, but there are no 
dangers when we know that we are using them in this manner. 
We are often carried away by forms and forget the formed 
material. As has been pointed out in connection with terms 
and relations, we commit this fallacy when we remove a term 
or relation from its setting as a director and instrument of 
thinking, and treat it as having being in its own name — when 
we consider it so apart as the reality. It does have a kind of 
reality, but not the only kind. It is easy to think of ‘mem- 
ory’ as a thing, of ‘ truth’ as something objective which can 
be displayed, of ‘ virtue’ as a noun symbolizing something con- 
crete. We have only examples of acts of memory, true state- 
ments, and virtuous deeds. 

B. The fallacies under this heading, 7.e., Errors in Observa- 
tion, have been developed sufficiently in the body of the text. 

C. The Fallacies in the formation of the hypothesis are the 
last group that connects directly with the traditional notion of 
induction. When the hypothesis is formed it then becomes a 
major premise and all the disabilities of syllogistic reasoning are 
encountered, and all the technical difficulties in actual experimen- 
tation are met. 

a. Post hoc, ergo propter hoc. When two events occur, which 
are closely connected in time, we may assume that the first is 
the cause of the second. In general, superstitions fall under 
this heading —a black cat crossing the road is connected 
with an accident that later happens; when thirteen people sit 
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at the same table, one will die in the course of the year, and the 
like. The patent medicine man thrives on the post hoc fallacy — 
we take his remedy and probably get well. The argument then 
is that the remedy was the cause of the cure. It is worthy of 
notice that the patent medicine man never prints the testimo- 
nials of those who took the remedy and did not recover. The 
failure to note negative instances is the most conspicuous ex- 
ample of Bacon’s ‘ Idols of the Tribe.’ 

b. Hasty generalization occurs when we fail to analyze 
completely the situation presented to us for solution. An 
hypothesis may be formulated hurriedly, which fails to take 
into account the main features of the question before us. They 
generally result from a mind unwilling or unable to grasp a 
situation that is somewhat complex. Vague resemblances 
may be emphasized to the exclusion of deeper resemblances 
which would be recognized on a completer analysis of the prob- 
lem. The remedy for this fallacy is deeper analysis. 

We are said to generalize hastily when our hypothesis is 
framed after (a) but few observations, and (b) observations 
limited to one or a few regions. It would be a hasty generaliza- 
tion to assert that Americans are large men if we had seen but 
a few, or that American tourists are ‘ easy ’ because a few spent 
money lavishly. Limited observation leads to the erection of 
supposed hypotheses, and result in arguments and experimenta- 
tion to support them when asa matter of fact there is no hypoth- 
esis to support — a little more observation is all that is needed 
to refute them. The mother who gave an explanation of the 
supposed fact that babies suck the thumb but not the fingers, 
because the thumb is outside and oftenest finds lodgment in 
the mouth, had observed her own child only and had neg- 
lected those that suck the fingers, the whole hand, and the toes. 

c. False Analogy. As has been pointed out, analogical 
reasoning is based on resemblance. Analogy is the most fertile 
source of hypotheses — possibly the only source. The dangers 
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in analogical reasoning connect (a) with the nature of the points 
(in contrast with the number) in which the phenomena agree, 
and (0) with the mixing of different ‘ worlds of discourse.’ The 
first is usually detected easily, but the last is so subtle as to 
deceive the most cautious. By the mixing of worlds of dis- 
course is meant the tendency to carry over from one field of 
endeavor, say, biology, some admitted principles into another 
field, say, sociology. It is common to speak of the ‘social 
organism,’ a concept rendered popular by transferring biologi- 
cal ideas over into social phenomena. Herbert Spencer’s social 
theory makes use of this analogy Some principle or other is 
found to work well in one field; and when this is the case, the 
tendency is to put the principle to further service by employing 
it in other fields. The results are often unsatisfactory. The 
history of thought is full of examples of this kind. The rapid 
advance in the physical sciences in the early modern period of 
history led thinkers to transfer the methods and principles of 
these sciences over into other fields. Hobbes, one of the most 
brilliant thinkers of the English, attempted to carry over the 
methods and principles of physics to psychological and social 
problems; and later the biological doctrines of Darwin and 
others were carried over into other fields, such as education, 
religion, politics, ethics, law, etc. Today there is a growing 
tendency to transfer the methods of mathematics into other 
regions. 

d. The “ Uncriticized Universe.” Fallacies which fall under 
this category are related to those coming under “ unwarranted 
assumption”; but the latter as used in logic are the more 
common errors in simple argument. By the uncriticized uni- 
verse we mean those broad assumptions which are made gen- 
erally unconsciously and which stand as more or less fundamen- 
tal and which largely determine the course of investigation and 
the problems that may arise. These fallacies are committed 
by the ‘system builder,’ while those of unwarranted assump- 
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tion are committed by one engaged in less pretentious argu- 
ments, such as establishing a particular fact or proving a definite 
point. 

Let us examine some cases of the uncriticized universe, or 
possibly a better term, the ‘accepted universe.’ A man be- 
lieves he has found spots on the sun, and he takes his supposed 
discovery to his superior officer, who informs the supposed dis- 
coverer that the spots are in his eyes and not on the sun, for, 
says the superior, ‘‘I have read Aristotle many times and he 
nowhere speaks of spots on the sun.’ Professor Caird says 
that ‘‘ Philosophy professes to seek and to find the principle of 
unity which underlies all the manifold particular truths of the 
separate sciences.” ! Suppose that the accepted doctrine of 
disease is that the patient is possessed of devils; then any dis- 
ease would be treated in such a way as to ‘ cast them out’; 
or that the accepted principle is that everything has a number, 
and that all numbers are what we call natural integers, 7.e., 
T, 2, 3,4, etc. 

In the above cases it is evident that the initial assumption 
determines the whole course of our inquiry. We assume a set 
of conditions and work on the belief that they are true. This is 
much like the ‘ double question.’ As we have pointed out, all 
investigation assumes something, and it may seem strange that 
we call it fallacious to do this. What is being emphasized is 
that in the formulation of a system we should exercise the great- 
est caution, and not make assumptions unconsciously and un- 
critically; but make them (since it is necessary to do so) so that 
anyone who follows our reasoning may know that we knew that 
we did actually make them, and so that they are definitely 
stated as assumptions. It is the uncritical acceptance of as- 
sumptions that is fallacious. 

There are few questions that better tend to wake us from 
mental lethargy and stimulate us to further thought than, ‘ How 

1 Quoted in The New Realism, by Holt, et al., p. 17. Italics not in the original. 
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much of my universe — of science, politics, religion, morality, 
etc. — is accepted uncritically?’ Such a question leads to 
problems of philosophy. 

D. Fallacies involved in testing the hypotheses bring us 
back to those of deduction. Hence the circle is complete. We 
begin with observation whose field is ‘fact’; move through 
experimentation whose business it is to ‘ play’ with hypotheses ; 
we test our hypotheses both experimentally and rationally, 
1.é., deductively; and come again to the realm of fact from 


which we started. 
PROBLEMS 


1. What is meant by fallacy? Give other terms used sometimes as 
synonyms. 

2. What principle of division is used in the treatment of fallacies? Try 
to discover another principle. 

Below are given several examples for analysis. Examine them and point 
out the kind of fallacy involved in case there is a fallacy. If it happens 
to be a material fallacy, try to state it also as a formal fallacy. Such exer- 
cises will help disclose the relationship between thinking and thought, and 
will emphasize the meaning of one-one correspondence. Some of these 
examples are new and others are taken from the ‘stock in trade.’ In some 
cases the sources are indicated, but in general they are omitted. 

3. ‘In many cases an agreement to do a certain thing has been con- 
sidered as the subject of an indictment for a conspiracy, though the same 
act, if done separately by each individual without any agreement among 
themselves, would not have been illegal. As in the case of journeymen 
conspiring to raise their wages; each man may insist on raising his wages 
if he can, but if several meet for the same purpose, it is illegal, and the parties 
may be indicted for a conspiracy.’”’ (Stephen, History of the Criminal Law 
of England, Vol. III, p. 240.) 

4. “The overwhelming belief in a moral order certainly indicates that 
there is truth in it.” (Mahan, in Monist, Vol. XXIV, No. I, p. 113.) 

5. For Sale: Combination stove and baby-buggy. (Chicago Daily 
News.) 

6. The most soothing color is green; that is why nature employs it 
universally in vegetation. 

7. Carneades argued that since certainty is impossible, probability is 
the guide to life. He held that there are three degrees of probability. 
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8. Why is it that when a live fish is placed in a pail of water, and the 
pail and the fish weighed, there is no greater weight than before the fish 
was put in? 

COumene: suggestion that political parties are put under a stigma on 
account of the action of individuals in such a transaction as the one in 
question (the Teapot Dome controversy), is a pure absurdity. It would 
be equally reasonable to indict the religious organizations to which these 
men belong, or their fraternal societies, or their clubs.” (Washington 
Post, quoted in Literary Digest, Feb. 9, 1924.) 

10. Since everything that is known involves a mind that knows it, it 
is evident that everything that is involves a mind that knows it. 

11. “There are absolute truths in logic and mathematics; and the 
truths of logic and mathematics imply that there is an absolute creative, 
rational will which is their ground or source.” 

12. Whatever exists has a cause. God exists, and hence has a cause. 

13. I have an idea of a perfect being. For a being to be perfect it can- 
not lack anything. Hence it cannot lack existence. It follows that a 
perfect being exists. 

14. “A scientist from Mars studying our earthly ant-hill would be quite 
puzzled to understand why the automobile shot out jets of ill-smelling 
smoke until the happy thought occurred to him that it was for the purpose 
of preventing pedestrians approaching too close and perhaps climbing on 
behind. He would wonder why heaps of shale were stacked up around our 
coal mines. But he would consider the question solved when he surmised 
that they could serve as ramparts in case the mouth of the mine were attacked 
by a mob of strikers.” (Sci. Monthly, Vol. XVIII, No. I.) Would you say 
that some of our ‘explanations’ are as far from the truth? How would the 
Martian scientist ever know that his explanations were wrong? What 
must every hypothesis do before we may accept it? 

15. Interpret the following from the standpoint of observation: ‘Every 
philosopher (every one, in fact) grows into a set of ideas, and to these his 
thinking remains bound, and is subjected in its development to psychological 
necessity.”’ (Windelband, History of Philosophy, p. 18.) 

16. Whatever is cannot have come into being, says Parmenides, the 
champion of permanence in early Greek philosophy, for if it had, it must 
have arisen from nothing or from something. It cannot have arisen from 
nothing for there 7s no nothing. It cannot have arisen from something for 
there is nothing else than what zs. 

17. ‘The boll weevil hasn’t touched the seven acres set aside here for 
the Lord. Furthermore the seven farmers who consecrated an acre each 
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to the church are prospering in everything they have planted. In contrast 
to their flourishing farms is the devastation that has been wrought every- 
where in this section by the boll weevil. Cotton has been eaten up bodily 
and almost without exception the only farmers near here who will make 
any money this year are the seven who set aside an acre each for God’s 
work.”’ (Quoted in the American Mercury, Jan., 1924.) 

18. “Truths of Nature must be sought only by methods in harmony 
with the perfection of Nature’s God. Mercy is one of the perfections of 
God. Vivisection is not in harmony with perfect mercy. Therefore truth 
must not be sought by vivisection.” 

19. This conclusion is not true, for it is at variance with the Principles of 
Political Economy. 

20. Man is a cultivable being, but since no species of things can improve 
itself, the culture must come from a nature higher than its own. 

21. “The fact that anyone feels ‘guilty,’ ‘sinful,’ is certainly not yet 
any proof that he is right in feeling so, any more than one is healthy simply 
because he feels healthy.” (Mugg, Nietzsche, p. 42.) 

22. ‘‘Further, since for practical purposes we must have a certain amount 
of uniformity, a group of people will have a more rigid, stereotyped, and 
conservative conception of a term than will any one individual.” (Cook, 
S. H., Foundations of Religion, p. 4.) 

23. “That which is now called the Christian religion existed among the 
ancients, and, in fact, was not wanting from the beginning of the human 
race.” (St. Augustine, about 400 A.D.) 

24. ‘Two men were sentenced to jail for 30 days and a negro for six 
months in the Traffic Court today.” (Baltimore Evening Sun.) 

25. ‘‘Moreover, the heterogenists pointed with assurance to innumerable 
‘men of genius’ from Aristotle down who had accepted their opinion. 
They regarded as ridiculous and fantastic any effort to discover how the 
swarm of minute creatures disclosed by the microscope could have entered 
the medium in which they were found. And they spoke with such assur- 
ance and conviction, and with such an array of erudition, that they seemed 
to carry the day by sheer enthusiasm.” (Int. to Reflective Thinking, p. 68.) 

26. ‘‘If we were to set before all men a choice, and bid them pick out 
the best customs (ways of action) from all the customs there are, each would, 
after examining them all, select those of their own nation.” The proof that 
Cambyses was a madman as given by Herodotus was that he actually did 
laugh at the customs of all other peoples but his own. 

27. “Tell me, Protagoras,” said Zeno, ‘‘does a single grain of millet make 
a noise in falling, or the ten-thousandth part of a grain?’”’ And when he 
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said it did not, Zeno asked, “Does a bushel of millet make a noise when it 
falls or not?” When Protagoras replied that it did, Zeno asked, “What 
then? Is there not a ratio of a bushel of millet to one grain and the ten- 
thousandth part of a grain?” When he replied that there was, Zeno asked, 
“‘Well, then, will not the ratios of the sounds to one another be the same?” 

28. ‘As the nature of any given thing is the aggregate of its powers and 
properties, so Nature in the abstract is the aggregate of the powers and 
properties of all things.” (Mill, J. S., The Idea of God in Nature.) 

29. Allinquiries are either into what is or what ought to be. (Mill, bid.) 

30. ‘The Philosophers of the Middle Ages proved two things: first, 
that there is no earth; second, that it is flat.” 

31. “Some have said, and not without reason, that there was something 
supernatural about Johannes Miiller, for his whole appearance bore the 
stamp of the uncommon.”’ (Locy, Biology and its Makers, p. 185.) 

32. The shopkeeper thrives only by the irregularities of youth; the 
farmer by the high prices of corn; the architect by the destruction of houses; 
the officers of justice by lawsuits and quarrels. Ministers of religion derive 
their distinction and employment from our vices and our death. No physi- 
cian rejoices in the health of his friends, no soldier in the peace of his coun- 
try; and so of the rest. Therefore, carelessness, calamity, pestilence, dis- 
ease, and even death are economic blessings. (Montaigne, quoted from 
Hibben, p. 409.) 

33. The express train alone does not stop at this station, and, as the 
last train did not stop, it must have been the express train. 

33 a. “Following out the assumption that competition is the life of eco- 
nomic society, one arrives at a necessary corollary to the general theory. 
The purpose of competition is to injure, wipe out and dispose of the com- 
petitor. Therefore the misfortunes of our competitors is our good fortune. 
This would lead, as applied to the actual conditions of life, to some such 
formula as: (1) Bankrupt your competitor and you will profit; (2) Impover- 
ish your neighbor and you will benefit; (3) Injure your fellow-man and you 
will gain.” (Scott Nearing, The Next Step, pp. 139, 140.) 

34. The freshwater crayfish has a sense of smell, as is proved by the 
rapid way in which it retreats from strong odors. Investigation led to the 
hypothesis that this sense was located in the antennules or smaller feeders. 
This was verified by observing that a crayfish bereft of these appendages 
did not react to a strong odor, whereas in exactly the same conditions and 
to the same stimulus another crayfish with its antennules intact did actively 
respond. (J. A. Thompson, Introduction to Science, from Creighton, fourth 
ed., p. 456.) 
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35. Decide whether the following epithets do not tend to prejudice 
issues, and so to involve either ignoratio or petitio: “Bitter-ender”’; 
“Stand-patter” ; ‘America first” (as used by the opponents of the League 
of Nations). Does the employment of such adjectives as “Democratic,” 
“ Aristocratic,”’ ‘‘Undemocratic” sometimes involve these fallacies? Think 
of other cases where the use of a slogan or party catch phrase seems to involve 
one of these fallacies. How about such college epithets as “‘wet,” “weir,” 
“mucker,” ete. ? ; 

36. We know that God exists, because the Bible tells us so; and we know 
that whatever the Bible affirms is true because it is of Divine origin. (C.) 

37. I know he promised to write if he was well enough to get out of bed. 
But the physician assures me that he wasn’t, and so you cannot make me 
believe you had a letter from him. (M. C. O.) 

38. More coffee is consumed in the United States than anywhere else, 
and America has become the strongest nation. 

39. This man is a good football player, and hence will be a good man to 
write the account of the game for the newspaper. 

40. The government should be in the hands of the Democratic party, 
for the country would have to prosper under the supervision and leadership 
of the followers of Jefferson. 

41. The chief argument that vegetarianism makes for health is that 
vegetarians find it so. 

42. This candidate is very fond of children and hence will make a good 
kindergarten teacher. 

43. “In arguing against the Darwinian Hypothesis, Agassiz is said to 
have urged the following: ‘If species do not exist, how can they vary?’”’ 
(A.) 

44. Nothing is better than wisdom; dry bread is better than nothing, 
and hence is better than wisdom. 

45. If we wish to be an artistic and literary nation, we should not enforce 
the Volstead act, for the French drink more wine than any other nation and 
they occupy the highest place in art and literature. 

46. “We should not vote for this man — first because he is a democrat, 
and that convicts him; and second, because the expression on his face gives 
one the idea that he is always looking for a change for the worse.” 

47. Gorgias, the Sophist, maintained that there is no truth at all. He 
wrote a work “On the Nature of the Non-existent,” in which he proved 
(x) that there is nothing; (2) that if there is anything, we cannot know 
it; (3) that even if we could know it, we could not communicate our knowl- 
edge to anyone else. 
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48. “You may have an ape for your ancestor if you want one, but I don’t 
care for one.” 

49. Of course you should be good, for you go to church; but I make no 
pretensions. 

so. I am not able to accept your opinion as true, for it seems to me that 
its general recognition would be attended with most injurious consequences 
to society. 

51. Tolstoi’s interpretation of Christianity must be false; for if it is 
correct, we and our ancestors have not been Christians at all. (A.) 

52. What fallacy did Columbus commit when he proved that an egg can 
stand on end? 

53. ‘This cheap quack thought he could gull the public, so he put some 
dirty water in a bottle and then turned all his low cunning to the invention 
of a lying advertisement in which he claims that one bottle of his nasty stuff 
will cure a man of everything under the sun except his credulity.” (A.) 

54. Suppose three lines, one (A) at rest and two others (B and C) moving 
in opposite directions. B will pass in the same time twice the number of 
points in C that it passes in A. 

55. “How do we know that this particular miracle of the Virgin Birth 
happened? We know it happened because the Catholic Church teaches that 
it happened. This is in itself complete, absolute and final truth of this 
doctrine.”” (Quoted by the American Mercury, from an article in America 
by the Rev. Wilfrid Parsons, S. J.) 

56. Since war is productive of evil, peace which is the opposite of war 
should be productive of the opposite, namely, good. 

57. Cloven feet being found universally in horned animals, we may con- 
clude that this fossil animal, since it appears to have had cloven feet, was 
horned. (W.) 

58. “He that is of God, heareth my words; ye therefore hear them not, 
because ye are not of God.” 

59. ‘‘They tell us that we are weak, unable to cope with so formidable 
an adversary; but when shall we be stronger?” 

60. You can meet his argument by saying that in the last legislature he 
took the exact opposite position from that he now supports. 

61. Cis not D, for A is B; and I know that whenever A is not B, C is 
Be MEN) 

62. I will have no more doctors; I see that all of those who have died 
this winter have had doctors. (St. Andrews.) 

63. Lord Chancellor Thurlow said that the corporations have neither 
bodies to be punished nor souls to be damned; they therefore do as they 
like. (C.) 
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64. No man should be elected if he is not qualified for the position; 
this man should not be elected, and hence is not qualified. 

65. The Constitution guarantees the right of free speech; whatever is 
tight for me to express should surely be expressed, therefore I should on all 
occasions express my opinions freely. 

66. We should have known in advance that the plan would be a failure 
for it was projected by evil men, and God will not prosper the evil. Further- 
more it was projected on an unpropitious day. 

67. On a victrola record is a small scratched place, marked x. When 
the record is placed on the holder and when the motion is very slow, the 
point x does not pass a given outside point y very often. But as the motion 
is increased, the point x is oftener at y; in fact the faster the motion the 
more often do the points x and y coincide. If we could increase the motion 
indefinitely, we could soon reach a step at which x and y would be together 
at any instant we happened to select, say, to one-billionth of asecond. This 
certainly shows that the greater the motion the more nearly at rest a body 
is, for rest is being at the same place through a given number of instants. 

68. The truth is, that luxury produces much good. A man gives half a 
guinea for a dish of green peas; how much gardening does this occasion? 
(C. quoted from Dr. Johnson.) 

69. To be eligible for the presidency of the United States a man must 
be at least thirty-five years of age. The men who are now aspiring for that 
office are each more than thirty-five, so they should be encouraged in their 
candidacy. 

70. There is no doubt but that all scholarly work is accurate, and we 
may conclude that all accurate work is scholarly. 

71. It follows that if some x is y, some x is not y. 

72. We know that all P is M, and that all Sis M. It follows that some 
not-S is not-P. 

73. You might know he is feebleminded, for no one but a feebleminded 
person would act the way he does. 

74. A certain club has the following rules: (a) The financial committee 
shall be chosen from among the general committee; (b) No one shall be a 
member both of the general and library committees unless he be also on the 
financial committee; (c) No member of the library committee shall be on 
the financial committee. John is a member of the general committee, and 
hence may be on the library committee. 

7s. There is no need in the world for people to be without money. The 
people are the government, and the government can make money. 

76. Our rule in the Philippines is unjust; for it is manifestly unjust to 
tyrannize over an inferior people. (H.) 
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77. Whatever invariably follows a given event is the effect of the given 
event; night invariably follows day; hence day is the cause of night. 

78. If the door were locked, the car would not be stolen; it is not stolen; 
therefore the door was locked. 

79. State problem 78 in the form of the categorical syllogism. What 
fallacy is found ? 

80. Since every voter is liable to error, look what error is possible when 
fifteen million of them elect a president. 

81. Among the whole student body I can think of no one mean enough 
to do the act the students are accused of doing. 

82. ‘I amin favor of free silver. First — Because I believe it to be right. 
Second — Because it is constitutional and democratic, and right here I may 
say that for thirty-two years I have voted the democratic ticket.” (H.) 

83. As a thing is generally sold for more than it is worth, or for less, 
one of the parties to an exchange is commonly the loser by the transaction. 
(H.) 

84. That God is, the Bible affirms. Whatever the Bible affirms is true 
because it is from God, and it declares it is impossible for God to lie. There- 
fore the existence of God is surely proved. 

85. Bentham was clearly the victim of a common delusion. If a system 
will work, the minutest details can be exhibited. Therefore, it is inferred, 
an exhibition of minute detail proves that it will work. (H.) 

86. For a body to move it must move either in the place where it is or 
where it is not. Now it cannot move in the place where it is for where it 
is it is at rest; neither can it move in the place where it is not, for it is not 
there to move. Hence motion is an illusion. 

87. Since empty space is nothing, it cannot be thought, for a thought 
must be a thought of something that is. 

88. Nothing which is of less frequent occurrence than the falsity of testi- 
mony can be fairly established by testimony; any extraordinary and unu- 
sual fact is a thing of less frequent occurrence than the falsity of testimony 
(that being very common); therefore, no extraordinary and unusual fact 
can be fairly established by testimony. (A.) 

89. It would certainly be unwise for the United States to enter a league 
of nations or a world court, for Washington, the father of the country, ad- 
vised us to avoid entangling alliances. 

go. “Tristram Shandy, as we know, employed two years in chronicling 
the first two days of his life, and lamented that, at that rate, material would 
accumulate faster than he could deal with it, so that, as years went by, he 
would be farther and farther from the end of his history. Now I maintain 
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that, if he had lived forever, and had not wearied of his task, then, even if 
his life had continued as eventfully as it began, no part of his biography 
would have remained unwritten. For consider: the hundredth day will 
be described in the hundredth year, the thousandth in the thousandth year, 
and soon. Whatever day we may choose as so far on that he cannot hope 
to reach it, that day will be described in the corresponding year. Thus 
any day that may be mentioned will be written up sooner or later, and 
therefore no part of the biography will remain permanently unwritten.” 
(Russell, B. Quoted by Smith.) 

gt. If aisaclass and bisa class, then what is a and bis a class, and what 
is either a or bisaclass. (Sm.) 

92. Franklin’s well-known remark (on the occasion, I imagine it was, 
of the signers attaching their names to the Declaration) might or might 
not be taken seriously, except for its logic, ‘‘If we do not hang together, 
gentlemen, we may expect, each one of us, to hang separately.”’ (Sm.) 

93. When we buy in a foreign country, we get the goods and they get 
the money, and when we sell in a foreign country, they get the goods and we 
get the money. How much better, then, to buy and sell in our own country, 
for in that case we retain both the goods and the money. 

94. A man accustomed to put his trust in dreams, one night dreamed 
that all dreams are vain. 

95. An affirmative proposition is one in which an agreement is affirmed 
between the subject and the predicate. 

96. Differences cannot be expressed, for suppose two things, x and y, 
to be different. Then we should say “‘x is not y.” Nowy isa way of exist- 
ing and, consequently, not-y is a way of not existing; so that, in trying to 
express a difference, we have only said that x is a way of not existing. (S.) 

97. We charge him (Charles the Second) with having broken his coro- 
nation oath, and we are told that he kept his marriage vow! We accuse him 
of having given up his people to the merciless inflictions of the most hot- 
headed and hard-hearted of prelates, and the defense is that he took his 
little son on his knee and kissed him! We censure him for having violated 
the articles of the Petition of Right, after having for good and valuable con- 
sideration promised to observe them, and we are informed that he was 
accustomed to hear prayers at six o’clock in the morning.” (Macaulay, 
quoted by Creighton.) 

98. It is no doubt true that if a law be universal, it will be confirmed 
by our experiments; therefore, when all our experiments fail to detect an 
exception, we may regard the law as true universally. 

99. The railroads have usually acted upon the apparent policy that it is 


416 TEXTBOOK OF LOGIC 


none of the public’s business whether they are overcapitalized or not. It 
remained for the counsel for the N. and N. Railroad, a road notorious for its 
stock-watering operations, publicly to declare — in form of a question, it is 
true, but none the less bluntly — the railroad position. If the N. and N. 
‘charges reasonable rates,’ demands its counsel, ‘what is it to the public 
whether its capitalization be high or low?’ (B.) 

100. Epimenides the Cretan says, “‘ All Cretans are liars,” but Epimenides 
is himself a Cretan; therefore he is a liar himself. But if he is a liar, his 
statements are lies, and consequently the Cretans are veracious. But Epi- 
menides is a Cretan, and, since they are veracious, what he says is true; 
and it follows after all that all the Cretans are liars. 

tor. Either the laws of nature govern, or the eternal reason governs; 
if both govern together, they must be in continual conflict; the government 
of the latter would render that of the former unnecessary, whilst the action 
of unalterable laws admits of no personal interference, and can on that ac- 
count scarcely be called governing. A main point in the proof that the 
laws of nature are those of reason is, that by thought we are able to deduce 
other laws of nature from those known to us, so that we find them in experi- 
ence, and if this does not happen, we naturally conclude that we have formed 
erroneous conclusions. (Buchner, Force and Matter, quoted by Jones.) 

toz. When products such as coal, iron, corn, or textile fabrics are sent 
us from abroad, and we can acquire them with less labor than if we made 
them ourselves, the difference is a free gift conferred upon us. The gift is 
more or less considerable in proportion as the difference is more or less great. 
It amounts to a quarter, a half, or three-quarters of the value of the product 
when the foreigner only asks us for three-fourths, a half, or a quarter of the 
price we should otherwise pay. It is as perfect and complete as it can be, 
when the donor (like the sun in furnishing us with light) asks us for nothing. 
The question, and we ask it formally, is this: Do you desire for our country 
the benefit of gratuitous consumption, or the pretended advantages of 
onerous production? Make your choice, but be logical; for as long as you 
exclude as you do, coal, iron, corn, foreign fabrics in proportion as their 
price approximates to zero, what inconsistency would it be to admit the 
light of the sun, the price of which is already at zero during the entire day? 
(Bastiat. Quoted by Hibben.) 

103. Our ideas are like our organism, they will stand a vast amount of 
modification if it is effected slowly and without shock, but the life departs 
out of them, leaving the form of an idea without the power thereof, if they 
are jarred too rudely. (Samuel Butler.) 

104. ‘‘For many years radicals in this country have almost universally 
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maintained that the trade-unions are fundamentally non-revolutionary ; 
that they have no real quarrel with capitalism, but are seeking merely to 
modify its harshness through a policy of mild reform. And so often have 
these ideas been repeated, so slight has been the inquiry into their sound- 
ness, that they have come to be accepted in a large degree by virtually the 
entire left wing of the labor movement. ... Yet their falsity is readily 
apparent when one takes into consideration the real situation. It is an 
indisputable fact that the trade-unions always act upon the policy of taking 
all that they can get from their exploiters. .. . They have sent wages up: 
2, 3, 4, 5, 6, 7, 8 dollars per day, and hours down: 12, 11, 10, 9, 8, 7, 6, per 
day with all kinds of other concessions sandwiched in between. And now 
they are more radical in their demands than ever before in their history. 
. .. Why, then, have these strongly anti-capitalistic qualities been so 
long and generally ignored and the trade-unions considered merely as pallia- 
tive bodies? In my opinion it is because they, like various other aggres- 
sive social movements, have more or less instinctively surrounded them- 
selves with a sort of camouflage or protective coloring, designed to disguise 
the movement and thus to pacify and disarm the opposition. This is the 
function of such expressions as “‘A fair day’s pay for a fair day’s work,” 
“The interests of Capital and Labor are identical,” etc. In actual practice 
little or no attention is paid to them. They are for foreign consumption. 
The fact that those who utter them may actually believe in them does not 
change the situation a particle.” (William Z. Foster, The Great Steel 
Strike, pp. 256-258.) 

tos. People who use the street cars for short hauls, from three to four 
miles each day, sometimes think that if the city were zoned and if fares 
were related to distance traveled, adequate revenue could be provided for 
the operation of the companies without injustice to the public. 

If no other consideration were involved than the case of money’s worth, 
the price ought to be related to the distance. A ten-mile haul would be 
worth more than a five-mile haul. Zones would regulate fares and the pas- 
senger would pay for what he got. 

If the general city good is taken into consideration, the zoning system does 
not benefit. It is to the advantage of the city, and to all of its people, that 
as much use as possible be made of Chicago’s geographical advantages. 
The fact that the city can spread out is one of its advantages. 

It is a good thing to encourage people to make their homes where the 
land is available and not to concentrate in regions close to the city’s hub. 
A citizen must make a sacrifice in time if he is to do this, and if in addition 
he must make a sacrifice in money, the movement is discouraged. 
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A flat fare for the city has this advantage, although from the viewpoint 
of the individual it would be equitable to charge him for distance the street 
car carries him. (Chicago Tribune, July 12, 1920.) 

106. The atmosphere cannot be a conductor of electricity ; for metals are 
conductors of electricity, and the atmosphere is of course not a metal. (H.) 

107. To interfere with another man’s business is wrong; to sell goods 
cheaper than another man is to interfere with his business; therefore it is 
wrong. (A.) 

108. I am sure that he must have known of the plan; for only members 
of the committee knew of it and he was a member of the committee. (H.) 

109. No one of the crowd would by himself stoop to somean an act, and 
therefore I am quite sure that as a body they would not doit. (H.) 

r1o. Point the fallacy that would be involved in quoting the first sentence 
in the following, apart from the sentences that follow: “‘As a matter of fact, 
there is just as much that is interesting, strange, and wonderful, just as 
much to be learned that is edifying, broadening and refining in a cabbage 
as there is in a page of Latin. There is, however, this distinction: It will 
make very little difference to the world whether one Negro boy more or less 
learns to construe a page of Latin. On the other hand, as soon as one Negro 
boy has been taught to apply thought and ideas to the growing of cabbages, 
he has started a process which, if it goes on and continues, will eventually 
transform the whole face of things as they exist in the South today.” 
(Booker T. Washington in World’s Work, Dec., 1910.) 

111. If he had found the treasure, he would be rich; but he has not found 
it, therefore he is not rich. 

112. ‘A party of eskimos met with no game. One of them returned to 
their sledges and got the ham bone of a dog to eat. As he returned with the 
ham bone of the dog in his hand he met and killed a seal. Ever afterwards 
he carried a ham bone in his hand when hunting.” 

113. Small boy: ‘I don’t believe in Santa Claus.” Mother: “Well, 
you'd better, or you will get no Christmas presents from him.” 

114. It is not right for you to devote all your time to archaeological 
research, for if all men did so, the business of the world could not go on. 
(C.) 

115. If aman is single, he is unhappy because he has no one to take care 
of him, and if he is married, he is unhappy because he has to take care of a 
wife. (C.) 

116. If the train is late, I shall miss my appointment; if it is not late, 
I shall not reach the depot in time to go by it. Therefore in any case I shall 
miss my appointment. (C.) 
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117. State the following fully as a dilemma: “There are two kinds of 
things which we ought not to fret about: What we can help, and what we 
cannot.” (W.) 

118. “When men are pure, laws are useless; when men are corrupt, 
laws are broken.” Therefore laws are useless in any case. 

119. Because those of the poor who have cows are the most industrious, 
the way to make paupers industrious is to give them cows. (Malthus.) 

120, Since monkeys do not use weapons of defense because of lack of 
intelligence, we may assume that an animal that does use weapons of defense 
has intelligence. 

121. Reduce to syllogistic form; Early to bed, early to rise, Makes a 
man healthy, wealthy, and wise. What would be necessary to refute the 
maxim? 

122, Faith without works is dead; but where we find great activity, we 
there also find great faith. 

123. Every rule has exceptions; this isa rule, and therefore has excep- 
tions; therefore there are some rules that have no exception. 

124. Haste makes waste, and waste makes want. It follows that one 
never loses by delay. 

125. At the time of the Galveston flood men worked sixteen hours a day; 
hence, to talk of an eight-hour day as a necessity for the working classes 
is absurd. (J.) 

126. Improbable events happen almost every day; but what happens 
almost every day is a very probable event; therefore improbable events are 
probable events. 

127. As men become educated they move more and more from manual 
labor. It follows that if all people become educated, that manual labor 
will cease. The policy of this country to give every one an education is 
therefore wrong. 

128. ‘‘An abundant stream divides two limits of one property . . . and 
over this stream stood a‘bridge; and at the head of it a gallows, over which 
were appointed four judges to decide according to the law established by 
the lord of the stream, the bridge, and the territory. The law ran in this 
wise: ‘If any one shall pass over this bridge from one side to the other, he 
must first swear as to whence he comes and on what business he is bound, 
and if he swear truly, he must be allowed to go; but if he swear falsely, he 
shall on that account die by hanging on the gallows which is there; and 
that without remission whatever.’ This law and its stern conditions being 
known, many went over; and as soon as it was perceived that they swore 
truly, the judges allowed them to pass freely. It happened, however, that 
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on swearing one man, he took the oath and declared that he was going to 
die on that gallows, and that he had no other business. The judges consulted 
the terms of the oath, and said: ‘If we allow that man to go free, he has 
sworn falsely, and according to the law he ought to die; and if we hang 
him, the oath that he was going to hang on that gallows was true, and ac- 
cording to the same law he ought to be free.’” (From Don Quixote, quoted 
by Sellars.) 

129. ‘According to Mr. Bryan’s premises,” said Doctor Stiles, “all germs 
that cause disease must have been created in the beginning as they exist 
today. If it is to be conceded that these germs were created originally in 
some form other than as disease germs, the theory of evolution stands 
admitted. 

“Obviously, as Adam was the last animal created and as the animals were 
not created until after the plants, it is unthinkable that any of the numerous 
germs that cause disease were created after Adam. As disease germs are 
dependent for their existence on animals and plants in which they cause 
disease, it is clear that these germs could not have been created or existed 
prior to the creation of their victims. A challenge of this deduction would 
be an admission that the germs were not created as they are today, but 
that they later evolved into disease germs, but that would be an admission 
of evolution.”’ (Quoted by Dotterer, p. 106.) 

130. Let these believers in the ‘‘tree man” come down out of the trees 
and meet the issue. Let them defend the teaching of agnosticism or atheism 
if they dare. If they deny that the natural tendency of Darwinism is to 
lead many to a denial of God, let them frankly point out the portions of the 
Bible which they regard as consistent with Darwinism, or evolution applied 
to man. They weaken faith in God, discourage prayer, raise doubt as to a 
future life, reduce Christ to the stature of a man, and make the Bible a 
‘scrap of paper.” As religion is the only basis of morals, it is time for Chris- 
tians to protect religion from its most insidious enemy. (W. J. Bryan, quoted 
by Dotterer, p. 106.) 
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Habit, 2f; value of, 3 f. 

Harvey, 102, 246. 

Hasty generalization, fallacy of, 404. 

Heads of predicables, 75. 

Hearsay, unreliability of, 227; 
legal method. 

Hegel, 46, 64. 

Helmholtz, theory of hearing, 252. 

Herschel, 261, 271. 

Heuristic, 355. 

Hibben, 75, 116, 247, 281, 393. 

Historical school of legal thinkers, 
334 £; method, 351 ff; steps in, 
353: 

History, as science, 352. 

Hobbes, 405. 

Hohfeld, 121, 339. 

Hume, 77, 402. 


see 
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Huyghens, 250, 277. 

Hypostatization, 28; fallacy of, 403. 

Hypotheses, 237 ff; need of, 246 ff; 
verification of, 253; rival, 254; 
requirements of, 258; in statistics, 
312; in legal thinking, 336; as 
connected with fallacies, 387 f, 
403 ff; axioms and, 378. 

Hypothetical question, in law, 342. 

Hypothetical syllogism, 144; moods 
of, 144 f; rules of, 147. 


I 


Identity, law of, 382. 

Idols of Bacon, 219 ff; of the theater, 
251, 262, 4or. 

Ignoratio elencht, fallacy of, 397 f. 

Illicit process, 137 f. 

Indefinables, 37; in inductive sci- 
ences, 371. 

Independence in postulates, 378 f. 

Induction, 106, 193 ff; stages in 
growth of, 195 ff; in systems, 
370 {; fallacies in, 390 ff, gor ff; 
see inference. 

Inference, systematic, 10; nature of, 
98 ff; ground of, 103; kinds of, 
tos ff; immediate, 109 ff; in 
class propositions, 112 ff; in rela- 
tional propositions, 120 ff; medi- 
ate, 133 ff; in partial and expanded 
arguments, 167 ff; inductive or 
systematic inference, 193 ff. 

Instinct, as mode of adjustment, 
1 ff. 

Instruments, in research, 207; 
thinking, 6 ff, 337. 

Intension, 27; of relations, 37. 

Internal criticism, 355 f, 358. 

Intransitive relation, 35. 

Intuition, as way of knowledge, 
too f. 

Irrelevant conclusion, fallacy of, 4or. 

Isomorphic systems, 381. 


of 


INDEX 


J 

James, 217. 

Jevons, 258, 261, 302. 

Joint method, 273, 279 ff; limita- 
tions of, 281. 

Jones, 71, 323. 

Joseph, 27, 116, 286. 

Judgment-proposition, 
ment-inference, 104. 

Juristic reasoning, 330 ff; syllogism 
and, 330; major premises in, 330; 
differentiated from scientific, 331 f; 
discovery of facts in, 332; origin 
of premises in, 332 ff; function of 
legal premises, 337. 


K 
Kepler, 102, 248 f. 
Keyser, 92, 132, 141. 
Kinematic aspect of science, 194. 
King, 302, 306, 320. 
Knowledge, see thought; by ac- 
quaintance, 98; by description, 98. 


41; judg- 


If 
Laboratory apparatus, importance 
of, 207 ff. 
Lambert, 32. 


Langlois and Signobos, 352, 355, 362. 

Language and logic, rz ff. 

Law, of causation, 197; relation of 
theory and hypothesis to, 239 f; of 
thought, 13, 381 ff. 

Leeuwenhoek, 99. 

Leibnitz, 102. 

Legal method, 329 ff. 

Legal premises, 332 f; function of, 
337 ff. 

Leucippus, 206. 

Lewis, 60, 126. 

Locke, 78, 398. 

Logic, nature of, 2 f; thinking, 
thought, and, 9 ff; and language, 
11 ff; formal, see syllogism, infer- 
ence, and induction. 


INDEX 


M 

Magic, 204 f. 

Magnitudes and relations, 127. 

Major premise, how discovered, 196; 
use of, 197; see syllogism and, 330. 

Major term, 134 f. 

Malthus, 283. 

Mass, 128; 
190. 

Mathematical probability, 300 ff. 

Mathematical reasoning, nature of, 
1721; see systems. 

Mathematics, place of in science, 
186 ff. 

Maxwell, 251. 

Median, 321 f. 

Mediate inference, 133 ff. 

Mediation, r. 

Memory, 99, 226. 

Mendeleeff, 270. 

Metaphorical language, 402. 

Metaphysics, 372. 

Method, value and growth of, 203 ff; 
types of, 333 ff; purpose of, 232; 
Mill’s methods, 273 ff; graphic, 
316; statistical, 305 ff; probabil- 
ity, 298 ff; legal, 329 ff; historical, 
351 ff; of system-builder, 376 f. 

Michaelson-Morley Experiment, 262. 

Middle term, 134. 

Mill, 32, 105, 196, 201, 208, 233, 241, 
250, 271, 272; methods of, 273 ff; 
307, 329, 369, 396. 

Modality of propositions, 45 f. 

Mode, 321 f. 

Modus ponens, 144; tollens, 144; 
ponendo tollens, 151; tollendo po- 
nens, 151. 

Moods, of hypothetical syllogism, 
144; of categorical, 159; of dis- 
junctive, 165. 

Moore, quoted, 9r. 

Moral principles, function of, 338. 

Motion, analysis of, 128; treated 
relationally, 189. 


relational analysis of, 
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Miinsterberg, quoted, 218. 
Mysticism, too f. 


N. 


Natural rights, as legal premises, 
333 f. 

Nebular hypothesis, 260. 

Necessity, 113; logical, 104; causal, 
104. 

Negative diagnosis, figure of, 161. 

Negative terms, 24; of a relation, 
125. 

Neptune, discovery of, 285. 

Newton, 102, 244, 247, 253, 272, 
337- 

Non-Euclidian geometry, 381. 

Non-sequitur, fallacy of, 4or. 

Non-syllogistic arguments, 176 ff. 

North, 305, 308. 

Null class, 21, 125. 

Null relation, 125. 


O 


Observation, 213 ff; essentials of, 
213; results of, 214; cautions in, 
215 ff. 

Obversion, 117. 

Occam’s Razor, 258. 

One-many relations, 35 f. 

One-one relations, 36 f. 

Opposition, inference by, 112; value 
of, 115. 


P 


Paralogism, 389. 

Parsimony, law of, 255, 257. 

Particular terms, 21 f. 

Peano, 58. 

Pearson, 310 f. 

Perception, 98; place of in knowl- 
edge, 99, 215. 

Personal equation, 318. 

Petitio principii, 396 f. 

Physics, 127 ff. 
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Planetesimal hypothesis, 93. 

Pollock and Maitland, raz. 

Positive terms, 24 f. 

Positivists, 335. 

Post hoc, fallacy of, 403 f. 

Postulates of logic, 384 f. 

Pound, 333, 336. 

Predicables, heads of, 75. 

Predicate of proposition, 42 f. 

Prejudice, 216. 

Premises, 134; how discovered, 
193 ff; legal, 337 £. 

Prior Analytics of Aristotle, 133. 

Probability, 235, 298 ff; nature of, 
299; rules for estimating, 3o1. 

Probable error, 334. 

Problematical as applied to proposi- 
tions, 45. 

Process and product, 5, 18 f; 
thinking and thought. 

Processes connected with relations, 
83; see thinking. 

Product, logical and relative, 86 f; 
see thought. 

Proof, definition of, 105. 

Propaganda, nature of, 352. 

Property, 77, 177. 

Propositional function, 52. 

Propositional types, 49 f. 

Propositions, functionally consid- 
ered, 7; grammatical analysis of, 
42; categorical, 45, 48; hypotheti- 
cal, 45, 48; disjunctive, 45, 48; 
implicative, 46; expressing value, 
46; subject-predicate, 47; rela- 
tional and class, 47, 109; excep- 
tive, 56, 119; exclusive, 57, 119; 
indesignate, 57; relation between 
proposition and hypothesis, 237 ff; 
in systems, 376, 384 f. 

Prosyllogisms, 168. 

Proximate genus, 76. 

Pythagoras, 169 ff; problem of, 
analyzed, 169 ff; notion of num- 
ber, 197, 254. 


see 
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Q 


Quality of Propositions, 45, 54. 
Quantity of Propositions, 45, 54. 
Question-begging Epithet, 402. 
Questionnaire method, 314. 


R 


Reduction, 145, 160. 

Reflection, 1; see thinking. 

Regnault’s experiment, 229. 

Relational arguments, 176 ff. 

Relational inference, 120 ff; and sci- 
ence, 126 fi. 

Relational processes, 83 ff; kinds of, 
84. 

Relational proposition, 47; see in- 
ference. 

Relations, 31 ff; place of in thought, 
33 {, 186; kinds of, 34 ff; sense of, 
37; hypostatization in, 38; nega- 
tive of a relation, 125; used dis- 
junctively, 180; as determining 
magnitude, 189 f; relations and 
classes, 181 f; in legal reasoning, 
337; in systems, 376, 384. 

Relative terms, 24. 

Residues, method of, 273 ff. 

Rival hypotheses, 254; examples of, 
254. 

Robb, 221. 

Robinson, quoted, 243. 

Romanes, 4. 

Russell, 32, 36, 45, 53, 58, 96, Too. 


S) 
Savigny, 334. 
Schiller, 153, 286, 338. 
Scholastics, 63. 
Science, relational inference in, 126 ff; 
history as, 352 f. 
Secrist, 307. 
Sellars, 161, 174, 227, nes 
Series, 121. 
Sign of implication, 146. 


INDEX 
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Similarity, in relations, 93 ff; in| Terms, 17 f, 31; meaning of, 19; 


things, 93. 
Smith, 395, 396. 
Social inertia, 311. 
Socrates, 74. 
Sophists, 206. 
Sophism, 389. 
Sorites, 173 f. 
Space, analysis of, 187 f. 
Spaulding, 120. 
Species, 75. 
Spencer, 335, 405. 
Square of Aristotle, 113. 


ways of dealing with, 18; how 
found, 20; kinds of, 21; col- 
lective and distributive use of, 
22 £; connotation of, 26 f; deno- 
tation of, 26 f, 146; hypostatiza- 
tion in, 28; distribution of, 55; as 
instruments of thinking, 17 ff; as 
elements of thought, 117 ff; opera- 
tions on, 60 ff, 73 ff; as found in 
the syllogism, 134 f; in mathemat- 
ical systems, 375. 


Testimonial evidence, 340 f. 


Statistical research, steps in, 314 ff.| Theory, in relation to hypothesis, 


Statistics, 235, 305 ff; definition of, 
306 ; 


fact, and law, 239. 


to what applicable, 307;]| Theses, 64. 


value of, 311 ff; as a basis of pre- | Thinking, 1 ff, 8 ff; place of in experi- 


diction, 312; as suggesting causal 
connections, 313; as hypotheses, 
312 f; difficulties in, 318 ff; 
terminology in, 320 ff. 

Subject of proposition, 42 f. 

Sui generis terms, 76. 

Sum of relations, relative and logical, 
84 f. 

Summum genus, 76. 

Syllogism, 27; nature of, 133, kinds 
of, 135; value of, 140; hypotheti- 
cal, 144 ff; disjunctive, 151 ff; 
figures and moods of, 159 ff. 

Symmetrical relations, 35; inference 
in, 124. 

Synthesis, 64. 

Synthetic reasoning, 173; operations 
of in history, 361 f. 

System, 67, 368 ff; construction of, 
370 ff; nature of, 372; value of, 
372; examples of, 374 f; essentials 
of, 375 ff. 

Systematic inference, ro. 


ab 


Table of kinds of inference, 107. 
Teleology, 246. 


ence, 4 f{;=terms in, 17 f, 27; in 
relations, 31, 36, 83 f, also 179 
note; in division, 61 ff; in defini- 
tion, 73 f; in formation of value 
judgments, 184; as systematic 
looking for major premises, 193; 
in relation to hypothesis, 237; 
statistics as instruments of, 317; 
in law, 332 f; in the formation of 
systems, 368, 374; fallacies in, 
392 ff. 

Thomson, 1, 30, 82, 92, 240, 309. 

Thorndike, 308, 323. 

Thought, 1 ff, 9 ff; laws of, 381 ff; 
as knowledge, 5; as science, 6; 
terms in, 17 ff, 27; in relations, 
31, 36, 83 f; in division, 61 f; in 
definition, 73 f; in immediate in- 
ference, 109; as deductions, 141; 
in relation to hypothesis, 237; 
hypothesis may become part of 
thought-world, 249; thought as- 
pect of experimental method, 270; 
statistics as elements of thought, 
317; thought in formation of sys- 
tems, 368; in legal reasoning, 337 ; 
fallacies in, 390 ff. 

Time, treated relationally, 127, 188 ff. 
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Transformations in relations, 87 £;| Value of method, how to determine, 


in propositions, 116. 204 f. 
Transitive relations, 35. Variables, 53. 
Triadic relations, 123. Verbal Arguments, 185 f. 
Trial and error, 203. 
Truth, 112 f; distinguished from Ww 


validity, 112 f. Watson, 216. 


Weber’s Law, 283. 


U Weighted average, 32 ff. 
Uncontrolled Speculation, 205. Whitehead, 32. 
Uncriticized Universe, fallacy of, 

405 f. x 
Undistributed Middle, 137. Xenophanes, 243. 
Uniformity of nature, 197. X-Rays, 257. 
Universe of discourse, 26. 

WY; 
Vv Young, 378 f. 
Vague hypotheses, dangers of, 260. 
Validity, 135; distinguished from Z, 


truth, 112 f. 
Value judgments, nature of, 183 ff; | Zeno, treatment of motion, 189. 
how formed, 183 ff. Zero correlation, 325. 


ft 


t Se * Bh aime os an ; 
enh Miser yaa ort Ae oe 2 
a)? Daa i : ~ s <4 
i ; te) Coane wisn G79) Weeeuleig Payee ce cas 
o, SS ees nt — id GENO SE . 


v7 
/ 


. : = 
yi ~ 
hed ~ 
+ ‘ 
=) <a 
‘ _ > 
. | 4 


< ba | j 
Se Cas aa ‘ ok a ee 
: oy Ne ea , ns ae Z con WEY | 4 aN f S iw nee mu : 
WRUNG OHM a Mirae setae % gee a a % 


ee 
ED 


MV AOA HUNAN INN 


p9-CZN-456 


